This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


HARVARD  UNIVERSITY 


PHYSICS  RESEARCH 
LIBRARY 

CAMBRIDGB 
MASSACHUSO'IS 


r 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


SCIENCE  ABSTRACTS. 


SECTION  A.-PHYSICS. 


VOL.    XIX 
1916 


Issued  by 

THE  INSTITUTION  OF  ELECTRICAL  ENGINEERS, 

VICTORIA  EMBANKMENT,   LONDON,  W.C. ; 
Compiled  and  Edited  by  the  Institution,  in  association  with 

THE  PHTSIGAL  SOCIETY  OF  LONDON; 

With  the  Co-operation  of 

TB2  AXSBIOAN  PE78I0AL  S00IET7, 

m  AXEBIOAN  INSTITUTE  OF  ELBOTBIOAL  ENaiKEfiBS.  and  tht 

AS800IAZI0NS  ELETTBOTEONIOA  ITALTANA. 


LONDON : 

E.  ft   F.  N.  SPON,   LIMITED,  57,   Haymarket,  S.W. 

NEW   YORK: 

SPON    ft    CHAMBERLAIN,    123,    Liberty    Street, 

Digitized  by  VjOOQ IC 


ERRATA. 

BMtioii  A.-PHT8I08. 


Abstract  No.  i6o,  line  i>:  for  P.  T.  Daniell,  read  P.  J.  Daniell. 
Abstract  No.  234,  line  i  :  ybr  A.  A.  Pfnnd,  read  A.  H.  Pfund. 
Abstract  No.  347,  line  i  :  for  T.  Huerlinger,  read  T.  Heurlinger. 
Abstract  No.  470,  line  5  :  for  appartos,  read  apparatus. 
Abstract  No.  908,  p.  339,  line  17  :  for  Um  read  Lim. 
Abstract  No.  965,  line  5  :  for  at  ///*,  read  as  //^. 
Abstract  No.  997,  line  8 :  for  Michelsen,  read  Michelson. 

Corrigendum. 
Abstract  No.  1043-:  author's  correction  in  Phys.  Rev.  8.  p.  753,  1916. 


Digitized  by  VjOOQ IC 


EDITOR. 

L.    H.    WALTER,    M,A. 

ABSTRACTORS. 


G.  E.  Allan,  D.Sc. 
C.  E.  Allen,  A.M.I.E.E. 
R.  Applbyard,  M.Inst.C.E. 
C.  Arnold. 

C  ASHMORB  BAKBR. 

C.  O.  Bannister,  A.R.S.M. 

T.  Barratt,  D.Sc.,  A.R.C.S. 

Prof.  E.  H.  Barton,  D.Sc,  F.R.S.E. 

E.  Bbllini,  D.Sc. 
H.  Borns,  Ph.D. 

F.  J.  Brislbb,  D.Sc. 

M.  A.  Bulloch,  A.C.G.I. 

C.  P.  Butler,  A.R.C.Sc.,  F.R.P.S. 

F.  T.  Chapman,  D.Sc,  A.M.I.CE. 

J.  D.  Coalbs,  D.Sc 

W.  R.  CooPBR,  B.Sc,  A.I.C. 

R.  CORLBSS,  M.A. 

W.  J.  Crawford,  D.Sc 

A.  Danibll,  M.A. 

J.  S.  Dines,  M.A. 

J.  S.  Dow,  B.Sc 

J.  Erskinb-Murray,  D.Sc.,F.R.S.E. 

Miss  A.  Evbrbtt,  M.A. 

A.  FiNDLAY,  M.A.,  D.Sc,  Ph.D. 

E.  E.  FouRNiBR  d'Albb,  D.Sc. 

A.  E.  Garrett,  B.Sc. 

C.  S.  Garrett,  D.Sc 

E.  Griffiths,  M.Sc. 
W.  H.  Grikstbd. 

F.  J.  Harlow,  B.Sc,  A.R.O.Sc. 
T.  Harris,  B.A.,  B.Sc,  A.R.C.S. 
H.  H.  Harrison. 

H.  M.  Hobart,  M.InstC.E. 

H.  H.  Hodgson,  M.A.,  B.Sc,  PI1.D. 

J.  B.  C.  Kbrshaw,  F.I.C. 


W.  N.  Y.  Kino,  A.C.G.I. 

F.  C.  A.  H.  Lantsbbrry,  M.Sc. 

L.  LowNDS,  B.Sc,  Ph.D. 

T.  M.  LowRY,  D.Sc,F.R.S. 

A.  J.  Makowbr,  M.A. 

H.  W.  Malcolm,  D.Sc 

Miss  J.  Molynrux,  M.A. 

R.  E.  Neale,  B.Sc,  A.C.G.I. 

E  A.  Owen,  B.A.,  M.Sc. 

W.  C.  S.  Phillips,  B.Sc 

T.  H.  Pope,  B.Sc 

T.  S.  Price,  D.Sc,  Ph.D. 

E.  C.  RiMINOTON. 

J.  Robinson,  B.Sc,  Ph.D. 

F.  Rogers,  B.A.,  M.Sc,  D.Eng. 
F.  R.  C.  Rouse. 

H.  S.  ROWELL,  B.Sc,  A.R.C.SC 
A.  Russell,  M.A.,  D.Sc 

E.  K.  Scott,  A.M.I.C.E. 
P.  E.  Shaw,  B.A.,  D.Sc. 

F.  E.  Smith,  A.R.C.Sc 

S.  G.  Starling,  B.Sc,  A.R.C.8. 
J.  J.  Stewart,  M.A.,  B.Sc 
W.  H.  Story,  M.A. 

G.  W.  DB  Tunzblmann,  B.Sc 
E.  O.  Walker,  CLE.,  M.I.E.B. 
T.  F.  Wall,  D.Sc,  M.Eng. 

R.  J.  Wallis-Jonbs,  M.Inst.C.E. 

J.  W.  T.  Walsh,  B.Sc. 

L.  H.  Walter,  M.A. 

W.  E.  Warrilow,  A.M.I.B.B. 

A.  Wilkinson,  B.Sc 

I.  Wiluams,  M.Sc 

A.  B.  Wood,  M.S€. 

D.  Orson  Wood,  B.Sc. 


Digitized  by  VjOOQIC 


IV 


LIST  OF  JOURNALS. 


§ 

c 


is 

CO 

a 


CO 

'^  c: 

>.£ 

x>  o 


^     "S^- 


A  «> 


o 


1^ 


S4! 
•S  - 

(31 


=3 

e 
o 

■a 


I 

CO 


§, 


« 

0. 


u       ii      •--  -*  *^      i:z  :^ 


w  ft! 


3 
f 


•8 


O 


^co 


3 


g; 


4> 

a 

CO 


^?8 


i2 

§1 


73 
E 
o 

? 
i 


G 


2^ 


i 
i 

CO  « 


c 

'u 

c 


W         15 


c 

I 

s 


5      ^l    .2 


c 


c 
o 

1 

> 


c 


^ 


O 


I 


T3 


b)     X 


I       I 


8 
to 


S 

•c 
5i. 

CO 

O 

c 

*c 

P 


Digitized  by  VjOOQIC 


NAME    INDEX. 

SECTION    A.— PHYSICS. 


[Names  not  followed  by  Titles  are  not  Authon,  but  only  names  mentioned  in 
Abstracts,  The  numbers  refer  to  Abstracts;  if  the  letter  B  follows  a 
number  the  Abstract  will  be  found  in  Section  B  under  that  number.  An 
asterisk  indicates  remarks  in  a  discussion.] 


Abbot,  C.  G.,  66,  286,  527,  1203  ;  solar 

radiation,  995 
Abbot,  C.  G.,  &  L.  B.  Aldrich,  pyrano- 

mcter,  1322 
Abbot,  C.  G.,  F.  E.  Fowle,  &  L.  B. 

Aldrich,  solar  radiation,  1329 ;  sun's 

temperature,  1212 
Abegg,  641,  946 

Abney,  W.  de  W.,  178,  428,  1024 
Abney,  W.  de  W.,  &  W.  Watson,  colour 

vision,  180 
Abraham,  368,  967,  974,  1064 
Acree,  S.  P.,  263 
Acree,  S.   F.,  C.  N.  Myers,  &  W.  F. 

Clarke,  hydrogen  electrode,  957 
Adams,  E.  P.,  1058,  1290 
Adams,  E.  Q.,  G.  N.  Lewis,  &  E.  H. 

Lanman,  electric  transference,  265 
Adams,  W.  S.,  1039,  12 18 
Adams,  W.  S.,  &  Pease,  Nova  Gemi- 

norum  No.  2, 1020 
Addenbrooke,  374 
Addicks,  L.,  electric  furnace,  477* 
Afanassjewa,    Ehrenfest-,    [Mrs.]    T., 

similitude,  975 
Aitchison,  L.,  alloy  steels,  824 ;  metal 

corrosion,"  827*;    Mo    steels,    120; 

steel  corrosion,  1168 
Albrecht,  S.,  296,  536,  133 1 ;  dispersion 

in  sun,  1209 ;  solar  lines,  1006 
Aldrich,  L.  B.,  &  C.  G.  Abbot,  pyrano- 

meter,  1322 
Aldrich,  L.  B.,  F.  E.  Fowle,  &  C.  G. 

Ablwt,  solar  radiation,  12 12,  1329 
Alexander,  B.,  X-ray  photographs,  443 
Alexanderspn,  E.  F.  W.,  &  S.  P.  Nix- 

dorff,  magnetic  amplifier,  322B 
Allen,  H.  S.,  latent  heat,  902 
Allen,  S.  J.  M.,  radio-activity,  337 
Allison,  H.  B.  C,  discharge  tube,  1276 
Alt,  1 133 


Alter,  D.,  &  R.  T.  Crawford,  comet, 
1016 

Ampere,  820 

Anderson,  A.,  electromagnetics,  1 146 

Anderson,  A.,  &  J.  E.  Bowen,  surface 
tension,  283,  642 

Anderson,  J.  S.,  electromagnetic  bal- 
ance, 2 

Anderson,  R.  C,  368 

Andrade,  E.  N.  da  C,  76,  99,  786 

Andrew,  474 

Angstrom,  339 

Angstrom,  A.,  864 

Angstrom,  K.,  1322 

Antoniadi,  E.  M.,  Mars,  761, 12 13 

Antonow,  421 

Appaswamaiyar,  S.,  &  C.  V.  Raman, 
bowed  string,  352 

Appleby,  M.  P.,  &  W.  Hughes,  vapour 
pressure,  835 

Arctowski,  H.,  solar faculae,  28;  storm- 
frequency,  528;  sun-spots,  29,  758, 
759,  1208 

Aretz,  67 

Argo,  W.  L.,  &  G.  E.  Gibson,  spectra, 
325 

Arnold,  J.  O.,  "ghost  lines"  in  forgings, 

391 

Arnold,  J.  O.,  &  A.  A.  Read,  Fe-Mo 
carbides,  399 

Arrhenius,  1375 

Arrhenius,  S.,  243,  714,  1008,  1175 

Ascoli,  M.,  units,  359 

Ash  worth,  J.  R.,  magnetism,  379 

Assman,  63 

Aten,  A.  H.  W.,  411 ;  electrolysis,  961 

Aten,  A.  H.  W.,  &  A.  Smits,  electro- 
motive equilibria,  958 

Auer,  816 

Austin,  L.  W.,  1387 

Austin,  W.,  pure  iron,  401 


2P 


Digitized  by  CjOO^IC 


530 


NAME  INDEX. 


Avogadro,  231,  286 
Ayrton,  922 

Babcock,  817 

V.  Babo,  93 

Bach, 274 

Baedeker,  816 

V.  Baeyer,  70,  1356 

V.  Bahr,  Eva,  889 

Baikoff,  1087 

Bailey,  312 

Baillaud,  B.,  longitude  difference,  967 

Bailiaud,  B.,  &  Pourteau,  star-places, 

769 
Bairsto,  G.  E.,  &  C.  J.  Watson,  plate 

condensers,  601 
Baker,  650 
Baker,  H.  F.,  Matthew-Hill  equation, 

157 

Baker,  W.  C,  measuring  small  capa- 
cities, 372 

Bakhuyzen,  E.  F.  van  de  Sande,  & 
C.  de  Jong,  proper  motions,  301 

Bakker,  G.,  capillary  layer,  284 

Balanowsky,  6iS4 

Ball,  J.  D.,  magnetic  laws,  722 

Balmer,  781,  856,  892,  1296 

Baly,  E.  C.  C,  563,  800 

Baly,  E.  C.  C,  &  C.  S.  Garrett,  absorp- 
tion spectrum,  891 

Baly,  E.  C.  C,  and  F.  G.  Tryhorn, 
light  absorption,  782 

Bamberger,  M.,  &  G.  Weissenberger, 
radio-activity,  449 

Bancolin,  132 

Bancroft,  W.  D.,  1 167  ;  depolarisation, 
842 ;  electromotive  forces,  742 ; 
emulsification,  491 ;  overvoltage,  843 

Banerji,  S.,  sound,  1053 

Banks,  H.  W.,  &  J.  W.  T.  Marshall, 
nephelometer,  189 

Bannawitz,  E.,  heat  conductivity,  210 

Barker,  602 

Barker,  E.  F.,  radiation  from  osmium, 
901 

Barkla,  C.  G.,  1249 ;  X-rays,  687 

Barkla,  C.  G.,  &  J.  G.  Dunlop,  X-ray 
scattering,  685 

Barkla,  C.  G.,  &  G.  Shearer,  electron 
velocity,  79 

Barnard,  E.  E.,  dark  markings  on  sky, 
547;  double  star,  11 14;  proper- 
motion  star,  1221  ;  stars  near  Mil, 

44 
Barnes,  A.  A.,  hydraulic  flow,  751 
Barnes,  H.  T.,  24 
Barnes,  J.,  567 
Barnett,  S.  J.,  820 ;   measuring  single 

p.d.'s,  741 
Barratt,  T.,  339,  447 ;  convection,  214 ; 

heat  conduction,  211 ;    electroscope 

capacity,  812 
Barren,  J.,  756 


Bartell,  F.  E.,  &  C.  D.  Hocker,  mem- 
brane potentials,  831,  832 

Barton,  E.  H.,  gravitation  and  tempera- 
ture, 1 103 

Barus,  C,  air-film  between  plates,  270 ; 
crossed  spectra,  71  ;  interferences 
of  spectra,  1035, 1038 ;  interferometer, 
668 ;  reaction  between  light- waves, 
554 ;  reversed  spectra,  770 

Bates,  F.,  &  R.  F.  Jackson,  sacchari- 
meter,  885 

Bates,  S.  J.,  osmotic  pressure,' 131 

BatsoD,  R.  G.,  stress  distribution,  8848'!' 

Bauer,  L.  A.,  terrestrial  magnetism, 
380 

Bauer,  L.  A.,  &  H.  W.  Fisk,  magnetic 
observations,  941 

Bauer,  L.  A.,  &  J.  A.  Fleming,  mag- 
netic observations,  821 

Bauer,  L.  A.,  &  W.  J.  Peters,  magnetic 
survey,  114 

Baxandall,  F.  E.,  C.  P.  Butler,  &  H.  F. 
Newall,  solar  spectrum,  12 11 

Baxter,  446 

Bayley,  574 

Bazzoni,  C.  B.,  &  O.  W.  Richardson, 
electron  currents,  1380;  hehum 
spectra,  1246 

Beans,  H.  T.,  and  H.  E.  Eastlack, 
colloid  synthesis,  255 

Beattie,  R.,  permeameter,  283B 

Beatty,  R.  T.,  1046 

Becker,  859 

Becker,  A.  J.,  combined  stresses,  852 

Beckmann,  £.,  &  O.  Liesche,  boiling 
Hg  as  solvent,  629;  ebullioscopy, 
1172 

Bedell.  F.,  wave-form  standards,  766B 

Beer,  423,  782 

Beilby,  273 

Bekier,  E.,  734 ;  Mn-Bi  alloys,  1299 

Bel,  Le,  885 

Belas,  P.  E.,  and  M.  Hartog,  electro- 
magnetics, 593 

BeU,  N.  M..  Pb  electrolysis,  498 

Bellamy,  F.  A.,  proper-motion  stars, 
313 

Bellamy,  F.  A.,  &  J.  D.  McNeile, 
proper-motion  stars,  873 

Belot,  E.,  dissynmietry  ot  Pacific,  998 ; 
volcanism,  863 

van  Bemmelen,  W.,  meteorology,  1197 

Benedicks,  C,  723;  thermoelectric 
study  of  allotropy,  625,  1308;  ther- 
moelectrics,  1069;  Wollaston  wire, 
1313 

Benedict,  Elisabeth,  698, 703,  136 1 

Bengough,  G.  D.,  R.  H.  Smith,  &  W.  E. 
Gibbs,  corrosion,  1307    * 

Benjamin,  105 1 
Benndorf,  361 

Bennett,  C.  W.,  C.  C.  Rose,  &  L.  G. 
Tinkler,  electrolysis,  140 

Jigitized  by  VjOOQIC 


NAME  INDEX. 


531 


Bennett,  C.  W.,  &  J.  G.  Thompson, 
overvoltage,  841 

Bentley,  392 

Berberich,  A.,  comet,  538,  870 

Bergonie,  J^  electro- vibrators,  1163  ; 
radioscopy,  249 ;  X-ray  protection, 
727 

Bergve,  £.,  &  B.  Neumann,  decompo- 
sition potentials,  1310, 131 1 

Berkeley,  835  ;   molecular  attractions, 

955 

Berkeley  &  C.  V.  Burton,  high-pressure 
installation,  1186 

Berman,  H.  C,  &  F.  C.  Frary,  electro- 
lytic Mg,  139 

Bernoulli,  A.  L.,  Planck's  "*,"  1138 

Berry,  852 

Berthclot,  904,  1092 

Berthelot,  D.,  1256 ;  relativity,  1193 

Bessel,  861 


Bethenod,  J.,  iron  losses,  691B 
504 


Betts,  A.  G.,  electrolytic  Sb-refining, 


Bevierre,  H.,  1142 

Bialobjeski,  T.,  solar  radiation,  1224 

Bianchi,  E.,  latitude  variation,  23 

V.  Bichowsky,  F.  R,  M.  Randall,  & 
W.  H.  Rodebush,  potentiometer, 
1076 

Bidwell,  C.  C,  thermoelectrics,  1152 

Biedermann,  £.  A.,  electromagnetics, 
242 

Biggs,  H.  F.,  /3-rays,  786;  Pd  in 
magnetic  field,  1159 

Bigourdan,  G.,  cloudiness,  991 ;  sound 
propagation,  1056,  1057 

Bilham,  E.  G.,  1039 ;  spectra,  323 ; 
spectrometry,  306 

BilU,  W.,  480 

Bingham,  E.  C,  clay-water  suspen- 
sions, 517  ;  plastic  flow,  850 

Bingham,  E.  C,  H.  I.  Schlesinger,  & 
A.  B.  Coleman,  viscosity,  639 

Birge,  R.  T.,  grating,  551 

Birkeiand,  K.,  658 ;  solar  rays,  531 

Birnbaum,  J.  W.,  audition,  707 

Biscoe,  F.,  sun's  temperature,  757 

Bjerrum,  454 

Blache,  M.,  &  E.  Marini,  heat  con- 
ductivity, 695 

Blair,  W.  R.,  convection,  1324 ;  free 
air  data,  1320;  moisture  in  atmo- 
sphere, 523 

Blajko,  38 

Blinow,  N.,&  N.  Tchigevsky,  nitrogen 
in  iron,  1306 

Bloch,  O.,  &  F.  F.  Renwick,  opacity,  428 

Blondel,  A.,  803  ;  visibility  of  light- 
beams,  568B 

Boccardi,  G.,  aberration  constant,  25 

Bodenstein,  1239 

Bodezechowski,  Einhorn-,  M.,  &  C.  E. 
Guye,  internal  friction,  969 


Boecker,  621 

Bogitch,  B.,  Co-Pb  system,  117 
Bohr,  76,  158,  754,  856, 1132, 1274, 1339 
Bohr,  N.,  561,  564.  565,  860, 1138, 124^, 

i353»  i35^>  1377 
Bolton,  S.,   Jupiter,    11 11;   telescope 

drive,  1204 
Boltzmann,  340,  579,  969,  974,   1251, 

1359 

Boltzmann,  Stefan-,  85,  699,  898,  1260 

Booth,  E.  H.,  368 

Borelius,  G.,  dielectrics,  1397 ',  elec- 
trode potentials,  1178 

Bormann,  W.,  &  O.  Rufif,  Fe-C  alloys, 
1301  ;  iron  and  carbon,  620 ;  *  Mn 
and  carbon,  618 ;  Ni  and  carbon, 
619 

Born,  467,  1241 

Born,  M.,  883  ;  relativity,  508 

von  der  Borne,  G.,  458,  700 

van  den  Bosch,  J.  C,  &  E.  Cohen, 
antimony,  622  * 

Bose,  D.,  ionisation  tracks,  1355 

Bose-Rankine,  91 

Boss,  173,  1219 

Bouchet,  L.,  dielectric  dilation,  1281 

Bousfield,  W.   R.,  aqueous  solutions, 

404.  833  ^ 
Bouty,  E.,  thermodynamics,  903 
Bovard,  W.  M.,  &  G.  W.  Vinal,  Ag 

voltameter,  503 
Bowen,  J.  E.,  &  A.  Anderson,  surface 

tension,  283,  642 
Bowie,  W.,  levelling,  3 
Boys,  973 

Boys,  C.  v.,  640,  860 
Braae,  J.,  538 

Bragg,  568,  680,  1040,  1043,  1 241 
Bragg,  W.  H.,  76,  567,  1041 ;  X-rays 

ana  crystals,  082 
Bragg,  W.  L.,  155 
Branly,  E.,  dielectrics,  236 
Brasch,  F.  E.,  teaching  Science,  417 
Brasher,  980 
Braun, 1283 
V.  Bressler,    C    H.,    producing    a.c. 

curves,  1283 
Breteau,  P.,  phosphorescence,  199 
Bridgman,  P.  W.,  black  phosphorus, 

492 ;  plasticity,  507 
Briggs,  C.  A.,  M.   P.    Shoemaker,    & 

F.  A.  Wolff,  resistance   stan<^ds, 

370 
Brillouin,  M.,  thermod3mamics,  795 
Brinell,  276,  277,  483,  1170 
Briner,  solar  radiation,  1008 
Briner,   E.,  &  R.  Senglet,    carbides, 

1208 
Brocietsky,  S.,  &  B.  Hodgson,  vacuum 

tubes,  926 
van  den  Broek,  A.,  641 ;  isotopes,  1166 
de  Broglie,  M.,  567,  684,  1350 ;  X-ray 

spectra,  894 


Digitized  by  VjOOQ IC 


S32 


NAME  INDEX. 


Broniewski,  W.,  633 ;  Cu-Zn  alloys, 
1085;  martensite,  1167 

Bronson,  H.  L.,  X-rays,  444 

Brown,  10,  85,  156,  231,  268,  518,  739, 
857»  1099,  mo,  1371 

Brown,  A.  N.,  V  Cassiopeiae,  11 13 

Brown,  D.  J.,  &  E.  P.  Schoch  [T.  E. 
Phippsl ,  electro-analysis,  1 179 

Brown,  E.  W.,  22 

Brown,  F.  E.,  &  W.  D.  Harkins, 
surface  tension,  4^20 

Brown,  J.  G.,  passivity,  844 

Brown,  W.,  fatigue  of  magnetised 
wires,  377  ;  laminated  magnets,  937 ; 
magnetostriction,  720,  818 ;  torsional 
oscillations  in  field,  819 

Browning,  P.  E.,  &  H.  S.  Uhler,  Ga-In 
alloy,  732 

Bruhat,  G.,  rotatory  power,  431 

Bruhns,  859 

Bruner,  126 

de  Bruyn,  C.  A.  L.,'&  A.  Smits,  pas- 
sivity, 411 

Brylinski,  E.,  &  R.  Jouaust,  h.f.  per- 
meability, 210B 

Bryson,  F.  F.  S.,  glass  corrosion,  840 

Bubnoff,  N.,  flames,  454 

Buchholz,  435 

Buck,  D.  M.,  &  J.  O.  Handy,  cor- 
rodibility,  825 

Bucky,  G.,  conductivity  of  body,  469 

Budenberg,  269 

Biichner,  E.  H.,  viscosity,  132 

Buffon,  &  F.  Ozil,  projectile  localisa- 
tion, 115 

Buisson,  68,  562 

Buisson,  H.,  65,  436,  780,  1244 

Bunsen,  456,  575 

Burbidge,  605 

Burgess,  G.  K.,  481,  899,  1343  ;  metal- 
lurgy, 1309 

Burgess,  G.  K.,  &  P.  D.  Foote,  emis- 
sivity,  87  ;  pvrometers,  85 

Burgess,  G.  K.,  &  I.  N.  Kellberg, 
allotropy,  387 

Burgess,  G.  K.,  &  H.  Scott,  critical 
points  of  Fe,  1396 

Burgess,  G.  K.,  &  R.  G.  Waltenberg, 
emissivity,  86 ;  volatilisation  of  Pt, 
1297 
Burkser,  E.,  radio-activity,  450 
Burkser,   E.,  &  S.    Tanatar,  reaction 

emissions,  479 
Burns,  K.,  68,  306,  436 ;  spectrometry, 

68 
Burns,  K.,  W,  F.  Meggers,  &  P.  W. 

Merrill,  spectrometry,  887 
Burnside,  G.  B.,  840 
Burrell,  G.  A.,  &    I.  W.   Robertson, 

vapour  pressures,  94 
Burt,  F.  P.,  &  E.  C.  Edgar,  At.  wt.  of 

hydrogen,  947 
Burton,  C.  V.,  972 


Burton,    C.    V.,    &    Berkeley,    bigh- 

pressure  installation,  1186 
Burton,  E.  F.,  848 
Burzio,  F.,  air-resistance,  14 
Butler,  C.  P.,  F.  E.  Baxandall,  &  H.  F. 

Newall,  solar  spectrum,  1211 
Butterworth,  S.,  mutual  induction,  811 ; 

self-induction,  810 
Byers,  H.  G.,  &  S.  C.  Langdon,  passive 

iron,  505 


Cabrera,  B.,  X-ray  spectrum,  76 
Cabrera,   B.,  &   E.  Moles,    magneto- 
chemistry,  243 
Cadjr,  F.  E.,  701,  899,  900 
Cady,  F.  E.,  W.  E.  Forsythe.  &  E.  P. 
Hyde,    c.p.   of    black  body,    558; 
colour- temperature  of  tungsten,  577 
Cailletct,  584 
Cain,  J.  R.,  E.   Schramm,  &   H.   E. 

Cleaves,  pure  iron,  735 
Calhane,  D.  F.,  &  H.  A.  Lavene,  bomb 

furnace,  487 
Callendar,  20,  84 
Callier,  428 

Camichel,  C,  water-hammer,  8288,8298 
Campbell,  491,  765,  1024 
Campbell,  A.,  &  D.  W.  Dye,  magnetic 

testing,  113 
Campbell,  E.  D.,  carbon  steels,  403 
Campbell,  W.  W.,  654 
Campbell,  W.  W.,  &  J.    H.    Moore, 

nebulas,  652  ;  nebular  lines,  653 
Cantone,  271,  1281 
Cardoso,  E.,  critical  points,  1255 
Carnera,  L.,  invar  wires,  6 
Carrasco,  P.,  760  ;  corona  spectrum,  27 
Carruthers,  F.  G.,  radio-activity,  335 
Carter,  E.,  248 

Case,  T.  W.,  photoelectrics,  1063 
Caswell,  A.  E.,  thermoelectrics,  602 
Cavallaro,  V.  G.,  optics,  103 1 
Cavendish,  640 

Centnerszwer,  M.,  &  J.  Drukker,  pas- 
sivity, 502 
Ceraski  (Mme.)/  38,  11 12 
Cermak,  P.,  X-ray  spectra,  1350 
Chaffee,  E.  L.,  coupled  circmts,  640B 
Challis,  972 
Chandler,  1202 

Chapman,  A.  K.,  Hall-efiFect,  1290 
Chapman,  S.,  210 ;  gas  theory,  794 
Charlier,  incidence  indicator,  943 
Charlier,    C.   V.    L.,    B    stars,    11 15, 
1333 ;  Galaxy's  structure,  1023  ;  star 
luminosities,    543  ;    statistical     me- 
chanics, 753  ;  stelbir  photometry,  545 
Charpy,  389,  1395 
Chatley,  H.,  cohesion,  1189 
Chattock,  113 

Cheneveau,  C,  243  ;  balance,  962 
Cheney,  W.  L.,  discharge,  599 


Digitized  by  VjOOQIC 


NAMK  INDEX. 


533 


Cherbuliez,  E.,  &  A.  Piccard,  magnetic 
solations,  245 

Cheshire,  F.  J.,  rangeftnders,  50 

Cheshire,  R.  W.,  refraction,  1338 

Child,  C.  D.,  light  production,  327 

Chree,  C,  Kew  magnetic  data,  614 ; 
terrestrial  magnetism,  468 

Christen,  T.,  X-ray  measurements,  441 

Christoffel,  853 

Chrystal,  5 

Ciamtcian,  724 

Cisotti,  U.,  confluent  jets,  162  ;  liquid 
jets,  163 

Civita,  Levi-,  163,  853 

Clack.  B.  W.,  948 

Clapejrron,  1092 

Clark,  409,  410 

Clark,  A.  H.,  sea  temperatures,  1109  ; 
string  vibrations,  790 

Clarke,  W.  F.,  C.  N.  Myers,  &  S.  F. 
Acree,  hydrogen  electrode,  957 

Classen,  11 79 

Clausius,  427,  795,  1 175 

Cleaves,  H.  E.,  E.  Schramm,  &  J.  R. 
Cain,  pure  iron,  735 

Clement,  1049 

Cline,  I.  M.,  hurricane,  522 

Cobb,  P.  W.,  sound,  1363 

Coblentz,  W.  W.,  890,  898  ;  radiation 
of  black  body,  581,  1261 ;  selective 
radiator,  88  ;  shielded  galvanometer, 
1284. 

Coblentz,  W.  W.,  &  W.  B.  Emerson, 
absolute  thermopile,  699 ;  acetylene 
flame  spectrum,  1026 

Cochrane,  C,  reflection,  51 

Coehn,  A.,  &  J.  Franken,  contact  elec- 
tricity, 595 

Cohen,  489, 1174,  1388 

Cohen,  E.,  387 

Cohen,  E.,  &  J.  C.  van  den  Bosch,  an- 
timony, 622 

Cohn,  1050 

Coker,  960 

Colardeau,  E.,  &  J.  Richard,  stereo- 
scope, 429 

Coleman,  A.  B.,  E.  C.  Bingham,  & 
H.  I.  Schlesinger,  viscosity,  639 

Colonnetti,  G.,  Ni  steels,  io&( 

Colson,  A.,  solubility,  1 177  ;  solution, 
136, 1092 

Compton,  A.  H.,  713,  1269  ;  heat  con- 
ductivity,  572 ;  h.f.  spectrum,  1043  ; 
specific  heat,  83 

Compton,  K.  T.,  1151,  1253;  contact 
potential,  605;  ionisation,  918;  ion- 
ising potential,  1381 

Comstock,  G.  F.,  1304;  inclusions  in 
steel,  398 

Cook,  G.,  273 

Cook,  H.  E.,  metallography,  482 

Cooke,  588 

Coolidge,  330,  567,  726,  894,  1 162 


Coombs,  421 

Corbino,  1290 

Corbino,  O.  M  ,  26'> 

Corbino,  O.  M.,  &  G.  C.  Trabacchi 
induction  coils,  606 

Cortie,  A.  L.,  658  ;  sun-spots  and  mag- 
netic declination,  1160;  terrestrial 
magnetism,  246 

Couette,  1 190 

Coursey,  P.  R.,  Hg  interrupters,  1154* 

Courscy,  P.  R.,  &  J.  A.  Fleming,  super- 
posed magnetisations,  244 

Courvisier,  L.,  Polaris,  1222 ;  Ursa- 
Major  cluster,  1 01 8 

Craig,  J.  I.,  discovering  periodicities, 
867 

Crane,  H.  G.,  &  C.  L.  Dawes,  oscillo- 
graph, 609 

Crawford,  R.  T.,  &  D.  Alter,  comet, 
1016 

Creighton,  H.  J.  M.,  dissociation,  130 

Crittenden,  E.  C,  A.  H.  Taylor,  &  E.  B. 
Rosa,  c.p.  of  flames,  559 

Crommelin,  C.  A.,  &  H.  K  Onnes,  Ne 
isothermals,  89 

Crommelin,  C.  A.,  &  E.  I.  SiniJ,  man- 
ometry, 269 

Crookes,  1275 

Crova,  179,  556 

Croxson,  C,  &  E.  J.  Evans,  line  X4686,. 
564 ;  Stark-effect,  1247 

Cumberland,  827 

Cunningham,  Stokes-,  156 

Curie,  243,  378,  379,  815 

Curie  (Madame),  113,  939 

Curtis,  H.  L.,  vibration  electrometer,. 
105 

Curtis,  H.  L.,  &  W.  A.  Taylor,  con- 
ductivity measurement,  135 

Cuthbertson,  C,  1339 

Cuthbertson,  M.,  1339 


Dalby,  W.  E.,  ballistics,  511 

Daniel,  Z.,  VV  Orionis,  546 

Daniell,  634 

Daniell,  P.  J.,  relativity,  160 

Danne,  449 

Danysz,  J.,  &  L.  Wertenstein,  radio- 
activity, 204 

Darwin,  1040 

Darwin,  C.  G.,  447,  1355 

Das,  A.  B.,  &  D.  N.  Mallik,  discharge, 
1278 

Datta,  A.  K.,  &  N.  Dhar,  Cu  voltameter, 

959 

Davis,  C.  W.,  &  G.  A.  Perley,  sulphated 
lead  cells,  344B,  345B 

Davisson,  C,  dispersion,  1339  ;  gravita- 
tion, 973 

Dauvillier,  A.,  &  R.  Ledoux-Lebard, 
locating  bullets,  252 ;  radiologic 
dosimetry,  726,  1294 

Digitized  by  VjOOQ IC 


534 


NAME  INDEX. 


Davejr,  W.  P.,  radiography  of  metals, 

6io 
I>avis,    C.    E.,   &  J.    L.   R.   Morgan, 

sulphuric  acid-water  mixtures,  494 
Davis,  H.  N.,  798 

Dawes,  C.  L.,  &  H.  G.  Crane,  oscillo- 
graph, 609 
Dawes,  H.  F.,  image  formation,  ii«5  ; 

refractometer,  40 
Dawson,  1375 
Day,  859 

Dearie,  R.  C,  spectrum,  1345 
Debye,  52,  <56i,  570,  754,  8.-56,  902 
Debye,  P.,  83,  215,  367,  928,  1253,  '359 
Debye,  P.,  &  P.  Scherrer,  X-ray  inter- 
ference, 1 130 
Deguisne,  C,  X-ray  transformers,  942 
DeUinger,  J.  H.,  h.f.  ammeters,  741  b 
De  Lury,  K.  E.,  solar  rotation,  1330 
Denison,  G.  H.,  1204 
Denso,  113 

Desch,  C.  H.,  metal  corrosion,  827* 
Deslandres,  28,  168,  305,  760 
Dember,  H.,  Loschmidt  number,  772 
Deming,  H.  G.,  solving  equations,  745 
Dempster,  A.  J.,  ionisation,  806 
Desormes,  1049 
Devaux,  419 

Dewar,  J.,  1293  ;  capillarity,  419 
Dhar,  N.,  &  A.  K.  Datta,  Cu  voltameter, 

959 

Dickinson,  H.  C,  &  N.  S.  Osborne, 
calorimeter,  8  f 

Dickson,  J.  M.,  C.  H.  Griffiths,  &  A. 
Griffiths,  dififusion,  395 

Didion-Siacci,  278 

Dieckmann,  T.,  734,  1299 

Dienstbach,  C,  gyro-telescope,  48 

Diesselhorst,  H.,  330,  11 19 

Diesselhorst,  H.,  a  H.  Freundlich, 
colloidal  solutions,  1090 ;  refraction, 
671 

Diestelmeier,  D.,  fluorescence,  438 

Dieterich,  Se  cells,  1150 

Dieterich,  K.  J.,  selenium,  809 

Dieterici,  584 

Dieterici,  C,  1257 

Dines,  W.  H.,  circulation  of  atmo- 
sphere, 525,  13 19 

Dischler,  E.,  M.  Puschin,  and  M. 
Maksimenko,  preparation  of  Al,  478 

Dodge,  H.  L.,  condenser  phase-differ- 
ence, 1285 

Dommer,  O.,  &  L.  Ubbelohdc,  Bunsen 
flame,  455,  575 

Donnithorne,  H.  E.,  measuring  X-rays, 
1 127 

Doppler,  202,  652,  677 

Douglass,  A.  E.,  photography,  424 

Dourdine,  A.  E.,  alloys,  123 

Dowling,  }.  }.,  high  resistances,  608 

Drago,  E.,  magnetised  wire's  vibrations, 
613 


Driffield,  428 

Droste,  J.,  gravitation,  285,  13 16 

Drude,  233,431,  602,  774,  883,  1339 

Drukker,  J.,  «  M.  Centnerszwer,  pas- 
sivity, 502 

Drysdale,  C.  Vt,  1 227 ;  resistance  stan- 
dards, 765B 

Duane,  W.,  330,  1046  ;  radiation,  346 

Dudley,  Jr.,  B.,  heat  conductivity,  80 

Duffield,  W.  G.,  323,  435,  1039,  1 195  ; 
carbon  arc,  100 ;  comparison  of  baro- 
meters, 13 14  ;  gravity  determination, 
1 194 

Duffield,  W.  G.,  &  [Miss]  M.  D.  Waller, 
arc,  365 

Dugan,  R.  S.,  eclipsing  variable,  38 ; 
RV  Ophiuchi,  661 

Duhem,  P.,  912  ;  dielectrics,  718,  910; 
electric  oscillations,  927, 1386 ;  elec- 
trodynamics, 802,  909,  oil 

Dunlop,  J.  G.,  &  C.  G.  Barkla,  X-ray 
scattermg,  685 

Dupre,  1 137 

Dushman,  S.,  E.  Karrer  &  H.  E.  Ives, 
photoelectrics,  597 

Dussaud,  cold  light,  1123 

Dye,  D.  W.,  &  A.  Campbell,  magnetic 
testing,  113 

Dyson,  F.  W.,  star  distances,  1335 

Earhart,  R.  F.,  discharge,  934 
Eastlack,  H.  E.,  &  H.  T.  Beans,  colloid 

synthesis,  255 
Eastman,  E.  D.,  &  J.  H.  Hildebrand, 

vapour  pressure,  122 
Ebert,  99, 924,  io6i 
Eble,  L.,  gravity,  971 
Eccles,  W.   H.,   &    A.    J.    Makower, 

thermal  ammeters,  106 
Eddington,  A.  S.,  star  clusters,  102 1, 

1223  ;  stellar  system,  170 
Edelmann,  358 

Edcr,  J.  M.,  1245  ;  arc  spectra,  434 
Edgar,  E.  C,  &  F.  B.  Burt,  at.  vvt.  of 

hydrogen,  947 
Edison,  715,  1066 
Edson,  R.,  &  D.  Mcintosh,  colloidal 

solutions,  495  ;  vanadium,  731 
Edwards,  C.  A.,  crystal  twinning,  388 
Edwards,  C.  A.,  &  H.  Kikkawa,  tool- 
steel,  257 
Edwards,  H.  W.,  1301 
Egerton,  A.  C.  G.,  381 
Ehrenfest-Afanassjewa,     T.      [Mrs.], 

similitude,  975 
Ehrenhaft,  156, 1371 
Ehrenhaft,  F.,  11,  12 
Eichelberger,  W.  S.,  star    distances, 

764 
Einhorn-Bodzechowski,  M.,  &  C.  E. 

Guye,  internal  friction,  969 
Einstein,  83,  285,  508,  518,  585,  1064, 

1196,  1267,  1315,  1316,  13^9, 

Digitized  by  VjOOQ IC 


NAME  INDEX. 


535 


Einstein,  A.,  218,  381,  713,  820,  974, 
1099,  1 190  ;  probability,  96 ;  rela- 
tivity, 853 

Elias,  G.  J.,  demagnetisation,  936 ; 
remanence,  719 

ElUs,  848 

Ellis,  F.  W.,  pendulum  rating,  506 

Ellis,  J.  H.,  HCl  in  solution,  1691 

Elster,  713 

Elster,  J.,  &  H.  Geitel,  photoelectrics, 
1 147  ;  photometer,  177 

Emden,  R.,  291,  iioo ;  radiation  theory, 
219 

Emerson,  W.  B.,  &  W.  W.  Coblentz, 
thermopile,  699 ;  spectrum,  1026 

Endell,  K.,550 

V.  Engeln,  O.  D.,  ice  structure,  24 

Entwistle,  F.,  983 

Eotvos,  149,521,  861 

Epstein,  P.  S.,  /3-radiation,  1356  ;  photo- 
electrics,  1132 ;  Stark-effect,  781 

Erdmann,  E.,  1200 

Ernst,  A.,  787  ;  radio-activity,  205 

Erskine- Murray,  J.,  605 

Esclangon,  £.,  ballistics,  749;  sound, 

,  1264 

Etienne,  electrolytic  detector,  643 B 

Ettingshausen,  612,  1079,  1^9^ 

Eucken.  A.,  81,  340,  1133,  1251 

Euler,  853 

Evans,  E.  J.,  spectra,  193 

Evans,  E.  J.,  &  C.  Croxson,  line  A4686, 
564 ;  Stark-effect,  1247 

van  Everdingen,  E.,  sound,  458 

Evershed,  J.,  304,  1209 ;  dispersion  in 
sun,  296,  133 1  ;  moon,  30  ;  promi- 
nences, 1206 

Evershed,  J.,  &  T.  Royds,  solar  line- 
shifts,  1004 

Eversheim,  436,  1244 

Ewald,  P.  P.,  crystal  optics,  670 

E  well,  A.  W.,  741,  1 178 

Ewing,  113,  1287 

Exner,  435,  456,  1245 

Eyring,  1371 


Fabry,  68,  562 

Fabry,  C,  65,  70,  72,  436, 780,  1244 

Fabry-Perot,  1337 

Fahrenwald,  F.  A.,  Pt  substitutes,  383 ; 
W-Mo  system,  951 

Pairchild,  C.  O.,  1139,  1252 

Fairchild,  C.  O.,  &  P.  D.  Foote,  grey- 
body  radiation,  703  ;  luminosity,  762 

Fajans,  K.,  periodic  system,  253  " 

Fajans,  K,,  G.  v.  Hevesy,  &  F.  Paneth, 
isotopic  elements^  488 

Fajans  IC,  &  F.  Richter,  radio- 
elements,  568 

Faraday,  498,  596,  718 

Farris,  L.  P.,  1054  ^ 

Farwell,  S.  P.,  1065 


Fassbender,  H.,  magnetics,  212D 
Fassbinder,  J.,  conductivity,  397 
Fassig,  O.  L.,  cloud  camera,  49  ;  ha: I 

storm,  529 
Fawsett,  C.  E.,  1083 
Faye,  290,  291 
Fechner,  320 
Fechtchenko-Tchopovsky,       S.       A., 

cementation,  1300 
Fenyi,  1206 

Ferguson,  A.,  surface  tension,  149 
Ferguson,  A.  L.,  boundary  potential, 

1095 
Ferguson,  C.  V.,  &  G.  M.  J.  Mackay, 

arc,  462 
Ferraris,  G.,  108 
Fery,  85 

Finney,  F.  K.,  electrode  p.d.'s,  262 
Finsen-Reyn,  66 
Fisk,  H.  W.,  &  L.  A.  Bauer,  magnetic 

observations,  941 
Fitzgerald,  R.,   &  }.   A.   McClelland, 

photoelectrics,  807 


Fizeau,  652,  1340 
I,  L.,  &   R. 


Schumann,  a-par- 


Flamm, 
tides,  1354 

Fleming,  1293 

Fleming.  J.  A.,  &  L.  A.  Bauer,  magnetic 
observations,  821 

Fleming,  J.  A.,  &  P.  R.Coursey,  super- 
posed magnetisations,  244 

Fletcher,  1371 

Florance,  D.  C.  H.,  786 

Flowers,  J.  B.,  105 1  ;  nature  of  speech, 

797 

Forsterling,  K.,  thermodynamics,  220 

Foote,  P.  D.,  1 139,  1252;  cmissivity, 
899 ;  illumination  from  disc,  557  ; 
luminosity,  900  ;  Planck's  law,  583  ; 
pyrometer  screens,  701 

Foote,  P.  D.,  &  G.  K.  Burgess,  emis- 
sivity,  87  ;  pyrometers,  85 

Foote,'  P.  D.,  &  C.  O.  Fairchild.  grey- 
body  radiation,  703  ;  luminosity,  702 

Forman,  A.  H.,  X-ray  opacity,  442 

Forsythe,  W.  E.,  701,  702,  899,  900; 
pyrometer,  896 

Forsythe,  W.  E.,  F.  E.  Cady,  &  E.  P. 
Hyde,  black  body,  558;  colour- 
temperature,  577 

Fortrat.  R.,  &  R.  W.  Wood,  Na  spec- 
trum, 562 

Fossa- Mancini,  C,  water-hammer,  418 

Foster,  85 

Fowle,  F.  E.,  286 ;  air  transparency, 
289 

Fowle,  F.  E.,  L.  B.  Aldrich,  &  C.  G. 
Abbot,  solar  radiation,  1329  ;  sun's 
temperature,  121 2 

Fowler,  A.,  star  spectra,  540 

Franck,  J.,  565,  1246,  1274 

Franken,  J.,  A  A.  Coehn,  contact  elec- 
tricity, 595 


Digitized  by  VjOOQ IC 


536 


NAME  INDEX. 


Franklin,  W.  S..  analogies,  1060 

Frary,  F.  C,  &  H.  C.  Berman,  electro- 
lytic Mg,  139 

Frary,  F.  C,  &  R.  E.  Porter,  silver 
cyanide  bath,  499 

Fraunhofer,  1228 

Frazer,  J.  C.  W.,  E.  Miller,  &  B.  F. 
Lovelace,  vapour  pressure,  630 

Freda,  K.,  voltameter,  266 

Fresnel,  205,  981,  1035 

Freundlich,  H.,  501,  11 19 

Freundlich,  H.,  &  H.  Diesselhorst, 
colloidal  solutions,  1090  ;  refraction, 
671 

Freundlich,  H.,  &  H.  Kaempfer,  sorp- 
tion of  UrX,  1 164 

Frey,  W.,  nickel  arc,  922 

Friedel,  G..  1352 

Friedrich,  619,  733 

Friend,  J.  N.,  392  ;  metal  corrosion, 
827* 

Friman,  E.,  439  ;  j3-rays,  694 

Friman,  E.,  &  M.  Stegbahn,  hi.  spec- 
tra, 440, 681, 783,  784  ;  X-ray  spectro- 
graph, 770 

Fnngs,  J.,  Ag  spectrum,  1245 

Fromm,  501 

Froude,  1104 

Fuchs,  H.,  Mn  spectrum,  436 

Fuchs,  O.,  ioT^ing  steel,  272 

Fuji,  K.,  &  S.  Nishikawa,  h.t.  apparatus, 
1 156 

Fuller,  T.  S.,  thermo-electrics,  104 

Furman,  N.  H.,  &  Le  R.  W.  McCay, 

^   electro-analysis,  635 

Gaede,  935,  963,  1180 

Gage,  H.,  projecting  lanterns,  1025* 

Gale,  H.  G.,  1039 

Gale,  H.  G.,  &  W.  T.  Whitney,  Ca 
spectrum,  777 

Galitzine,  B.,  earthquake  localisation, 
1002,  1003 

Galle,  P.  H.,  meteorology,  994 

Galton,  358 

Gans,  R.,  coercive  force,  240 ;  light 
propagation,  53  ;  meta-magnetism, 
721  ;  paramagnetism,  1288 

Gardner,  W.,  photoelectrics,  1062 

Garrett,  C.  S.,  spectra,  890 

Garrett,  C.  S.,  &  E.  C.  C.  Baly,  spec- 
trum, 891 

Garten,  S.,  sound  recorder,  225 

Garver,  M.  M.,  energy,  637 

Gaubert,  P.,  circular  polarisation,  884 

Gauss,  615,  853 

Gehrcke,  70 

Gehrcke,  Lummcr-,  1337 

Geiger,  H.,  205,  332,  1353,  1354 

Geipel,  H.,  1078 

Gcitel,  713 

Geitel,  H.,&  J.  Elster,  photoelectrics, 
1 147;  photometer,  177 


George,  H.  T.,  &  R.  S.  Willows,  gas 

absorption,  808 
v.     Georgievics,     G.,     dilution     law, 

1176 
Gerlacli,   W.,  Qr9 ;    radiation,    1258  ; 

radiation      law,      1260 ;      radiation 

measurements,  1259 
German n,  630 
Gersten,  619 

Getman,  F.  H.,  Pb  electrode,  743 
Gibbs,   129,   284,  406,  407,  507,  552, 

585,  1 1 34 
Gibbs,  W.  E.,  metal  corrosion,  827* 
Gibbs,  W.  E.,  R  H.  Smith,  and  G.  D. 

Bengough,  corrosion,  1307 
Gibson,  G.  E.,  &  W.  L.  Argo,  spectra, 

325 
Gibson,  K.  S.,  light  absorption,  552  ; 

ruby  spectrum,  1034 
Gille,  A.,  viscosity,  153 
Giolitti,  F.,  1087 
Giolitti,  F.,  &  S.  Zublena,  steel  slag 

enclosures,  1305 
Glauert,  H.,  earth's  rotation,  22 
Gleditsch.  E.,  life  of  Ra,  331 
Goecke,  620 

Gohring,  O.  H.,  brevium,  788 
Goldberg,  59 
Goldhammer,  D.  A.,  556 
Goldschmidt,  H.,  1175 
Goldschmidt,  R.,  113 
Goldstein,  E.,  324 
Goltze,  F.,  113 
Goodson,  H.  E.,  and  N.  Lockyer,  Fe 

spectrum,  326 
Goos,  1244 
Gordon,  N.  T.,  and  D.  P.  Smith,  e.m.f. 

of  alloys,  633 
Gorton,  A.  F.,  reHection,  319 
Gorton,  W.  S.,  1248 ;  X-ray  spectro- 
meter, 684 ;  X-ray  spectrum,  567 
Gouy,  G.,  X-rays,  201 
Graetz,  1392 
Gra£F,  38 

Graftdijk,  Miss,  1039 
Graham,  402 
Gray,  A.,  858 

Gray,  A.  W.,  thermoelements,  1155 
Gray,  A.  W.,  D.  H.  Sweet,  &  L.  W. 

Schad,  Ni-steel  magnetics,  1292 
Gray,  F.,  optical  activity,  883 
Gray,].  T.,  solar  halo,  1325 
Greaves,  R.  H.,  &  A.  A.  Read,  Ni-Al 

alloys,  256 
Green,  G.,  radiation,  1 140 
Green,  Edridge,  1032 
Greenhill,  G.,  artillery  sighting,  1187  ; 

echelon    waves,  1 105  ;    skating  on 

thin  ice,  146 
Greinacher,  H.,  h.t.  battery,  1392 
Grenfell,  D.  S.,  &   O.   L.    Kowaike, 

^aphite  and  magnesia,  121 
Griffiths,  A.,  diffusion,  394,  a|J3 

Jigitized  byCJOOQlC 


NAME  INDEX. 


537 


Griffiths,  A.,  J.  M.  Dickson,  and  C.  H. 

Griffiths,  diffusion.  395 
Griffiths  [Mrs.],  C.  H.,  ipnic  velocities, 

Griffiths,  C.  H.,  J.  M.  Dickson,  and  A. 

Griffiths,  diffusion,  395 
Grigorowitch,    K.    P.,  iron  corrosion, 

392 

Gris,  Le,  485 

Grove,  632 

Grover,  446 

Grover,  F.  W.,  force  between  con- 
ductors, 716 

Gruner,  P.,  twilight,  1199 

Gumbel,  axial  bending,  415 

Guertler,  W.,  485 

Guest,  852 

Guild,  J.,  angle  measurement,  879; 
spectrum,  194 

Guillaume,  E.,  1292  ;  entropy,  1134 

Guillet,  A.,  elasticity,  4;  harmonic 
function,  1097 

Guillet,  L.,  953  ;  cold- worked  Cu,  490 

Guldberg,  looi 

Gumlich,  E.,  113 

Gumlich,  E.,  &  W.  Steinhaus,  low- 
hysteresis  iron,  209B ;  magnetisation, 

239 
Gunstone,  A.  C,  induction  coil,  1295 
Gustav-Kircho£F,  1360 
Guthnick,  P.,  293  ;    astrophotometry, 

26 
Guthnick,  P.,  &  R.  Prager,  a  Cygni,  303 
Guthwick,  649 

Guye,  C.  E.,883  ;  discharge,  1148, 1149 
Guye,  C.   E.,  &   M.   Einhorn-Bodze- 

chowski,  internal  friction,  969 

Haas,  485 

de  Haas,  H.  K.,  relativity,  150 

de  Haas,  W.  J.,  820,  1256;  magnets, 

938 
Haber,  P.,  454,  456,  568,  961  ;  flames, 

454 

Habcr,  F.,  &  G.  Just,  electron  emis- 
sion. 47c 

Hadamard,  279,  280 

Hadfield,R.,  corrosion,  827* ;  Fe-Mo 
alloys,  400 ;  Fe  transformations,  826'*' 

Haen,  1090 

Haga,  H.,  &  F.  M.  Jaeger,  R5ntgen- 
patterns,  686,  895,  1044,  1045 

Hagenbach,  922,  1083 

Hagenbach,  A.,  &  W.  Rickenbacher, 
film  thickness,  17 

Hahn,  1356 

Haigh,  B.  P.,  elasticity,  747 

Haines,  W.  B.,  ion  mobilities,  712 

Haken,  612 

Haldane,  J.  S.,  65 

Hale,  G.  E.,  658 ;  spectroheliograms, 
1022  ;  T  Tauri,  663 

Hall,  247,  6x2,  725,  1079,  "90,  1375 


Hall.  R.  E.,  &  W.  D.  Harkins,  periodic 

system,  471  • 
Hall- Hamilton,  G.,  Mars,  1013 
Halla,  474 
Hallwachs,  1376 
Hamburger,   L.,  &  G.  Hoist,  system 

argon-nitrogen,  217 
Hamilton,  Hall-  G.,  Mars,  1013,  12 15; 
Hamm,  436 
Hammond,  P.  F.,  electrode  potentials, 

845 

Hamy,  M.,  star  velocity,  172 
Hanaman,  F.,  Ce  alloys,  1170 
Handy,  J.  O.,  &    D.    M.   Buck,  cor- 

rodibihty,  825 
Hanemann,  H.,  620;   cooling  curves, 


Hanemann,  H.,  &  P.  D.  Merica,  mag- 
netisation, no 
Hannesen  G.,  boron  steels,  623 
Hansen,  J.  v.,  538 
Hardy,  W.  B.,  987  ;  similitude,  90 


Hansen,  J.  v.,  538 

r,  W.  B.,  987;  Sll 
Harkins,  W.    D.,    &    F.    E.    Brown, 


surface  tension,  420 

Harkins,  W.  D.,  &  R.  E.  Hall,  periodic 
system,  471 

Harkins,  W.  D.,  &  E.  C.  Humphery, 
surface  tension,  421 

Harkins,  W.  D.,  &  E.  D.  Wilson, 
atomic  energy,  381 ;  complex  atoms, 
127,  128 

Harlow,  F.  J.,  &  R.  S.  Willows,  ab- 
sorption formula,  407 

Harper,  650 

Harris,  G.  W.,  &  T.  W.  Richards, 
floating  equilibrium,  746 

Harrison,  1190 

Hartman,  L.  W.,  heat  losses  from  fila- 
ments, 898 

Hartmann,  276 

Hartmann,  L.,  heat  equivalent,  1254 

Hartmann,  R.,  ice  crystallisations,  628 

Hartog,  M.,  &  P.  E.  Belas,  electro- 
magnetics,  593 

Hartung,  E.  J.,  specific  heats,  82 

Hartwig,  E.,  &  A.  A.  Nijland,  UV 
Persei,  176 

Harvey,  E.  T.,  &  W.  B.  Morton,  liquid 
motion,  201 

Harvey,  E.  N.,  firefly,  673  ;  luminous 
organisms,  1238 

Harzer,  535 

Hasbach,  435 

Haschek,  435,  436,  1200,  124JJ 

Hass,  H.,  screw  propeller,  984 

Hastings,  C.  S.,  halo,  645 

Hatfield,  W.  H.,  phosphorus  in  steel, 

259 

Hatschek,  E.,  &  E.  Humphrey,  sus- 
pensions, 1 190 

Hautefeuille,  474 

Hayes,  C,  &  P.  E.  Shaw,  magneto- 
meter, 1293 

Digitized  by  VjOOQ IC 


538 


NAME  INDEX. 


Hay  ward,  C.  R.,  sulphur  in  steel,  1395 
Hazard,  D.  L.,  magnetic  observations, 

822 
Heaps,  C.  W.,  flame  conductivity,  1272 
Heath,  A.  E.,  ground  rainbow,  526 
Heaviside,  1067, 1146 
Hecker,  O.,  971,  997 
Hedrick,  E.  R.,  Hooke's  law,  147 
Hefner,  63 
HehJ,  N.,  1384 

Heldermann,  W.  D.,  387,  489,  1174 
Heller,  H.,  allotropy,  489 
Hclmholtz,  799,  800,  1032,  105 1,  1059, 

I3i7»  I364>  1397 
Henderson,  G.  H.,  Th  deposit,  448 
Henderson,  J.  P.,  565 
Hcnnings,  A.  E.,  713 
Hennings,  A.  E.,  &  W.  H.  Kadesch, 

photo-potentials,  362, 1269  ;  value  of 

"*/'303»  1267 
Henri,  549 
Henrici,  1182 
Henroteau,  F.,  sun's  atmosphere,  168 ; 

sun-spots,  658 
Henry,  474,  ioi89 
Henry,  A.  J.,  snow,  1326 
Hering,  C,  803  j  electric  furnace,  477* ; 

heat  conductivity,  8o* 
Hermann,  1051 
Heroult,  477 

Hersey,  M.  D.,  elastic  systems,  1188 
Hertz,  1059,  1 10 1,  1246 
Hertz,  G.,  565 
Hertzsprung,  309,  310 
Herweg,  J.,  567 

Herz,  W.,  thermal  relations,  574 
Heurlinger,  T.,  Hall-e£Eect  in  Bi,  1078 ; 

thermomagnetics,  247 
Heuse,  271 
Heusler,  239 
V.  Hevesy,  G.,  1174 
V.  Hevesy,  G.,  &  F.  Paneth,  isotopic 

elements,  488;  RaD,  445 
Heycock,  1087 
Heydweiller,  A.,  electron  optics,  i8i ; 

neutralisation  heats,  344 
Heydweiller,  A.,   &    O.    Grube,    dis- 
persion, 774 
Heyn,  393 

Heyroth,  F.  F.,  ionisation,  740 
Hibbard,  1305 
Hicks,  W.  M.,    spectral   frequencies, 

1347  ;  Zeeman  patterns,  328 
Hiege,  K.,  colloidal  Au,  476 
Hildebrand,  J.  H.,  &  E.  D.  Eastman, 

vapour  pressure,  122 
Hill,  L.,  862 
Hill,  S.  E.,  808 
Hill,  Matthew-,  157 
Hiller,  454 

Hills,  E.  H.,  earth's  nutation,  1202 
HUpcrt,  S.,734 
Himstcdt,  F.,  double  refraction,  430 


Hind,  542 

Hinks,  A.  R.,  eartli's  shape,  166 

Hirayama,  G.,  23  ;  latitude  determina- 
tion, 1 1 10 

Hirn,  1254 

v.  Hirsch,  R.,  canal  rays,  893 

Hirtz,  E.  J.,  728 

Hjort,  1 109 

Hnatek,  A.,  dye  spectra,  1240 

Hobbs,  E.  W.,  film  resistance,  1071 

Hockcr,  C.  D.,  &  F.  E.  Bartell,  mem- 
brane potentials,  831,  832 

Hodgson,  B.,  &  S.  Brodetsky,  vacuum 
tubes,  926 

Hodgson,  M.  B.,  K.  Huse,  &  L.  A. 
Jones,  illuminant  efficiency,  61 

Honigschmid,  691 

Honigschmid,  O.,  &  S.  Horovitz, 
"uranium-lead,"  446 

van't  Ho£f,  131,  396,408,  742,  883,  1176 

Hoffmeister,  C,  Algol  variable,  175 ; 
variable  stars,  544 

Hofmann,  K.  A.,  632 

Hofmann,  K.  A.,  &  K.  Ritter,  hypo- 
chlorite-carbon  cell,  631 

Hogg,  E.  M.,  &  S.  W.  Young,  pas- 
sivity, 141 

Hoitsema,  474 

Holborn,  L.,  904 

Holborn,  L.,  &  H.  Schultze,  gas 
isothermals,  92 

Hoilard,  A.,  57 

Holler,  H.  D.,  &  E.  L.  PefiFcr,  CUSO4 
solutions,  82^ 

Holm,  E.  A.,  kmetic  theory,  223 

Holm,  R.,  discharge,  1384 

Hoist,  G.,  vapour  pressures,  212 

Hoist,  G.,  &  L.  Hamburger,  system 
argon-nitrogen,  217 

Holt,  474 

Holtz,  435 

Honda,  K.,  721,  1292,  1293 ;  seiches, 
533  ;  thermo-balance,  i 

Honda,  K.,  &  T.  Ishiwara,  thermo- 
magnetics,  378 

Honda,  K.,  &  J.  Okubo,  ferromagnetics, 
1287  ,       - 

Honda,  K.,  &  T.  Sone,  geyser,  1328 

Honda,  K.,  &  H.  Takagi,  cementite,  241 

Honda,  K.,  K.  Tawara,  &  H.  Takagi, 
special  steels,  1161 

Hondros,  D.,  367,  928 

Hooke,  147,  276,  1084 

Hornig,  G.,  variable  stars,  544 

Horovitz,  S.,  &  O.  Honigschmid, 
"  uranium-lead,*'  446 

H  or  ton,  R.  E.,  snow  melting,  996 

Hough,  S.  a,  35 

Houstoun,  R.  A.,  552 ;  colour  vision, 
1032 

Howe,  G.  W.  O.,  coupled  circuits,  867B ; 
electromagnetics,  242 ;  oscillogram 
harmonics,  42B ;  skin-effect,  349B 

Digitized  by  VjOOQ IC 


NAME  INDEX. 


539 


Howe,  H.  M.,  393, 1301,  1302 

Howe,  H.  M.,  &  A.  G.  Levy,  harden- 
ing steel,  i39d 

Howes,  H.  L.,  &  E.  L.  Nichols,  fluor- 
escence, 1349 

Howes»  H.  L.,  &  D.  T.  Wilber,  fluor- 
escence, 679 

Hubrecht,  J.  B.,  solar  rotation,  291 

Hudson,  O.  F.,  etching  reagents,  143 

Hufford,  M.  E.,  diffraction,  882 

Hughes,  A.  L.,  79,  713,  1269;  photo- 
electrics,  369 

Hughes,  J.  A.,  heat  loss,  341 

Hughes,  W.,  &  M.  P.  Appleby,  vaponr 
pressure,  835 

Hulett,  G.  A.,  and  G.  F.  Lipscomb, 
calomel  cell,  409 ;  standard  cells,  410 

Hull,  A.  W.,  1046 ;  constant  high  poten- 
tials, 1286 ;  electrons,  336 ;  negative 
resistance,  463 ;  X-ray  frequency,  330 ; 
X-ray  measurement,  566 

Hull,  A.  W.,  &  M.  Rice,  X-rays,  1249 

Humbert,  P.,  rotating  liquids,  519 

Humphery,  E.  C,  &  W.  D.  Harkins, 
surface  tension,  421 

Humphrey,  E.,  &  E.  Hatschek,  sus- 
pensions, 1 190 

Humphreys,  323 

Humphrey,  W.  J.,  effect  of  lightning, 
590 ;  wind  velocity,  993 

Hunt,  F.  L.,  1046 

Hunt,  V.  A.,  k  L.  E.  Whittemore, 
crystal  detectors,  576B 

Hurst,  H.  E.,  magnetic  survey,  823 

Hurter,  428 

Huse,  K.,  M.  B.  Hodgson,  &  L.  A.  Jones, 
illuminant  efficiency,  61 

Hyde,  E.  P.,  701,  702,  899,  900,  901, 
1227,  1361 ;  true  temperatures,  698 

Hyde,  E.  P.,  F.  E.  Cady,  &  W.  E. 
Forsythe,  c.p.  of  black  body,  558; 
colour-temperature  of  tungsten,  577 

Ikeuti,  H.,  tracks  of  a-particles,  1047 

Immerwahr,  C,  126 

Innes,  R.,  detecting  proper-motion  star, 
34 ;  proper  motions,  35 

Innes,  R.  T.  A.,  binary  stars,  1332 ;  de- 
tecting proper  motions,  1225 ;  nebula, 

542 
Ishino,  M.,  kathode  rays,  1379 
Ishiwara, }.,  351 ;  absolute  mass  Sjrstem, 
974 ;  electron  mass,  589 ;  electron  in 
gravitational  field,  913  ;  gravitation, 
8 ;  physical  universe,  752 ;  quantum 
theory,  97,  350 ;  similarity,  988 
Ishiwara,  T.-,  magnetic  nitride,  940 
Ishiwara,  T.,  &    K.   Honda,  thermo- 

magnetics,  378 
Ives,  H.  E.,  180,  675,  702,  1032 ;  arti- 
ficial eye,  47 ;  colour  mixture,  178 ; 
light  standard,    1122;    photometry, 
321 ;  VioUe  standard,  1343 


Ives,  H.  E.,  S.  Dushman,  &  E.  Karrer, 
photoelectrics,  597 

Ives,  H.  E.,  &  E.  F.  Kingsbury,  black- 
body  brightness,  1252  ;  flicker  photo- 
meter, 320;  light  equivalent,  1121, 
1227;  photometry,  179;  thermopile, 
62 


Jackson,  R.  F.,  &  F.  Bates,  sacchari- 
meter,  885 

iacques,  632 
aeger,  F.  M.,  &  H.  Haga,  Rontgen- 

patterns,  686,  895,  1044,  1045 
Jaeger,  W.,  339;    vibration    galvano- 
meter, 930 
Jaeger,  W.,  &  H.  v.  Stein wehr,  specific 

heat,  209 
Janecke,  E.,  melting-points,  1135, 1136 ; 
transition  of  metals,  1174;  transition- 
points,  1 1 73 
Jarvinen,  K.  K.,  molecular  attraction, 

472 
akob,  M.,  705,  904 
amin,  937 
.anicki,  L.,  106 
anssen,  Luplau-,  C,  651 
cans,  J.  H.,.star  clusters,  11 16;  star- 
streaming,  314,  1 117 
Jeffers,  H.  M.,  &  F.  J.  Neubauer,  comet, 
1015 

ieffery,  F.  H.,  electrolysis,  846,  847 
effreys,  H.,  166, 167 ;  earth's  crust,  756 ; 
earth's  viscosity,  288 ;  latitude  varia- 
tion, 865 
Jeffries,  Z.,  W-Mo  alloys,  1086 
Jeffries,    Z.,    A.    H.    Kline,   &   E.   B. 

Zimmer,  metal  grain-size,  393 
\  enkins,  W.  A.,  1291 
entzsch,  588 

onsson.  A.,  cometary  orbits,  537 
ohansen,  E.  S.,  spectra,  66 
;  ohn,  C.  E.  St,  &  L.  W.  Ware,  spec- 
trometry, 1243 
Johns,  A.  W.,  propeller  experiments, 
20B 

Johnson,  852 
ohnstone,  J.  H.  L.,  resistance  of  acetic 

acid,  737 
ohonnot,  419 
oly,  904 

oly,  J.,  estimating  distances,  226 
ones,  75 

ones,  A.  T.,  acoustic  repulsion,  1262  ; 
vapour-pressure,  342 
Tones,  E.  T.,  233 

Jones,  L.  A.,   M.  B.  Hodgson,  &  K. 
Huse,  illuminant  efficiency,  61 

iones,  L.  T.,  kathode  ra3rs,  1064 
ones,  M.,  &  J.  R.  Partington,  solution, 
129 

iones,  R.,  fluid  motion^  9 
ones,  W.  M.,  Tesla  coils^33 

Digitized  by  VjOOQIC 


540 


NAME   INDEX. 


de  Jong,  C,  &  E.  F.  van  de  Sande 
Bakhuysen,  proper  motions,  301 

Jordan,  H.,  elaistic  hysteresis,  271 
orissen,  W.  P.,  &    J.    A.    VoUgraflf, 

kathode  rays  and  Bi,  730 
Jouaust,  R.,  &  E.  Brylinski,  h.f.  per- 
meability, 21  OB 
^  oule-Thomson,  905 
'  uday,  C,  rainbows,  1 108 
'  ulius,  W.  H.,  dispersion,  536 
ust,  G.,  &  F.  Haber,  electron  emission, 
475 

Kadesch,  W.  H.,  713 

Kadesch,  W.  H.,  &  A.  E.  Hennings, 
photo-potentials,  362,  1269 ;  value  of 
"V303,  1267 

Kaempfer,  H.,  &  H.  Freundlich,  sorp- 
tion of  UrX„  1164 

Kail,  G.,  arc  spectra,  433 

Kaiser,  491 

Kam,  J.,  gas  theory,  345 

Kaneko,  626 

Kapteyn,  301,  542,  872 

Karman,  467 

Karpowicz,  A.,  156,  231 

Karpowicz,  A.,  &  A.  Schidlof,  elec- 
tronic charge,  591 

Karr,  C.  P.,  &  H.  S.  Rawdon,  zinc 
bronze,  953 

Karrer,  E.,  S.  Dushman,  &  H.  E.  Ives, 
photoelectrics,  597 

Kasper,  1245 

Katayama,  M.,  surface  tension,  521 

Kauko,  Y.,  454 

Kayser,  324,  ^35,  1138,  1245 

Keesom,  W.  H.,  gas  theory,  215,  216 

Keesom,  W.  H.,  &  C.  van  Leeuwen, 
thermodynamics,  907 

Keesom,  W.  H.,  &  H.  K.  Onnes,  specific 
heat,  1133 

Keilig,  F.,  &  O.  Ruff,  cobalt  and  carbon, 
621 

Keinath,  G.,  recording  instruments,  414 

Kellberg,  I.  N.,  &  G.  K.  Burgess,  allo- 
tropy,  387 

Kelvin,  284,  468,  602,  858,  977,  13 17 

Kelway,  C.  E.,  226 

Kemble,  E.  C,  electrostriction,  1058 

Kennard,  E.  H.,  gravitation,  973 

Kennedy,  448 

Kennelly,  722 

Kepler,  860 

Kerr,  430 

Kershaw,  J.  B.  C,  atmospheric  pollu- 
tion, 21 

Keys,  D.  A.,  $  J.  C.  McLennan,  ionisa- 
tion,  1377 

Kikkawa,  H.,  &  C.  A.  Edwards,  tool- 
steel,  257 

Kilby,  436 

Kimata,  Y.,  system  Sb-Te,  386 ;  system 
Te-Sc,  385 


Kimball,  H.  H.,  solar  radiation,  527 

Kimball,  H.  H.,  &  E.  R.  Miller,  sky 
radiation,  1323 

Kimura,  1000 

Kimura,  M.,  Te-Pb  alloys,  584 

Kimura,  M.,  8l  R.  W.  Wood,  reflection, 
1226 

King.  286 

King,  A.  S.,  1039 ;  spectra,  69,  1036 

King,  L.  v.,  flow  in  pipes,  515 

King,  R.  W.,  heat  conductivity,  339 

Kingdon,  K.  H.,  ionisation,  1378 

Kingsbury,  E.  F.,  absorbing  screens, 
607 ;  eye-sensitivity,  556 

Kingsbury,  E.  F.,  &  H.  E.  Ives,  black- 
body  brightness,  1252  ;  light  equiva- 
lent, 1 121,  1227;  photometry,  179, 
320 ;  thermopile,  62 

Kinoshita,  S.,  1047 

Kirchhoff,  93,  601,  908,  1059 

Kirch  ho£F,  Gustav-,  1360 

Kirschbaum,  H.,  437,  779 

Kithil,  H.  L.,  thorium,  693 

Kline,  A.  H.,  Z.  Jeffries,  and  E.  B. 
Zimmcr,  metal  grain-size,  393 

Klopsteg,  P,  E.,  galvanometers,  932, 
1073,  1074  f  ^i"^^  measurement,  1184 

Knipp,  C.  T.,  discharge,  923 ;  discharge 
tube,  366 ;  ion  deflection,  598 

Knipp,  C.  T.,  &  L.  A.  Welo,  magneto- 
meter, 1393 

Knoblauch,  705 

Knott,  C.  G.,  ground  rainbow,  526 

Knudsen,  M.,  695,  iioi ;  condensation, 
1357  ;  gas  theory,  457 

Kobold,  535 

Koch,  58, 1083 

Koch,  F.  J.,  X-ray  tube,  944 

Koch,  P.  P.,  904 

Kohl,  T.,  planetary  phenomena,  297 

Koenig.  47,  178 

Konig,  W.,  sound-waves,  1054 ;  Thom- 
son-eflfect,  1068 

Koenigsberger,  J.,  243,  1152 

Kohlrausch,  205,  787,  1280 

Kollmorgen,  F.,  telescopes,  771 

Kommerell,  V.,  sound,  1055 

v.  Konkoly,  N.,  comet  spectra,  539 

Konstantinowsky,  D.,  experiments  on 
particles,  1 1 ;  photoelectrics,  919 

Korn,  A.,  magnetic  particles,  820 

Kossel,  W.,  76,  439 ;  atom's  structure, 
641 

Kostitzin,^  v.,  solar  activity,  1205 

Kottler,  F.,  gravitation,  13 15 

Kovarik,  A.  F.,  i3-rays,  333 

Kovarik,  A.  F.,  &  L.  W.  McKeehan, 
i3-rays,  332 

Kowalke,  O.  L.,  &  D.  S.  Grenfell, 
graphite  and  magnesia,  121 

de  Kowalski,  J.,  electric  waves,  103 

Kramsztyk,  J.,  spectra,  67 

Kraus,  325 


Digitized  by  VjOOQIC 


NAME  INDEX. 


S4I 


Krause,  G.,  interferometer,  425 

Kretschmann,  E.,  relativity,  148 

Kroncke,  H.,  250 

Kromayer,  66 

Kroo, }.,  paramagnetism,  467 

Kruyt,  H.  R.,  doubly  refractive  sol, 
1119 

Kuenen,  579 

Kiistner,  1202 

Kustner,  F.,  sound  pressure,  1367 

ter  Kuile,  105 1 

Kundt,  228 

Kunz,  }.,  Ill,  366,  1287;  corona  dis- 
charge, 1065  ;  r-rays,  334 

Kunz, }.,  and  ].  Stebbins,  photoelectric 
cells,  465 

Kurlbaum,  Lummer-,  1258 

Kurnakov,  N.,  1087 

Kurnakov,  N.,  S.  Shemtschushni,  & 
M.  Zasedatelev,  Au-Cu  alloys,  483 

Kurth,  277 

Kutter,  v.,  oscillating  drops,  13 17 

van  Laar,  J.  J.,  1257  ;  osmotic  pressure, 

396 

Ladenburg-Stokes,  280 

Lamb,  H.,  638, 977 

Lamb,  H.,  gyroscope,  16 ;  waves,  513, 

855, 

Lande,  A.,  refraction,  187 ;  spectra,  74 

Lang,  ].,  Fe  spectrum,  1244 

Langdon,  S.  C,  &  H.  G.  Byers,  passive 
iron,  505 

Lange,  A.,  1200 

Langevin,  379,  518,  805 

Langmuir,  I.,  462,  900 ;  dissociation, 
837 ;  heat  conductivity.  338 ;  high- 
vacuum  pump,  963 ;  reflection  of 
molecules,  iioi;  tungsten  charac- 
teristics, 578 ;  tungsten  filaments, 
322 

Lanman,  E.  H.,  E.  Q.  Adams,  and 
G.  N.  Lewis,  electric  transference, 
265 

Larmor,  J.,  972,  983,  997,  1059,  ^370 

Larmor,  J.,  earth's  precession,  167 ; 
gravitation,  861,  972  ;  spectrum,  304 

La  Rosa,  M.,  discharge,  715 

Laub,J.,  1 128 

Laudet,  C,  1051 

Laudet,  G.,  105 1 

V.  Laue,  M.,  96,  1241 ;  probability,  95  ; 
radiation,  218  ;  X-ray  patterns,  1352 

Lauth,  A.,  vortices,  858 

Laveiie,  H.  A.,  and  D.  F.  Caihane, 
bomb  furnace,  487 

Laws,  B.  C,  thin-plate  beam,  509 

Lawson,  R.  W.,  polonium,  789 

Leathem,  J.  G.,  liquid  flow,  644 

Leavitt,  H.  S.  [MissJ,  S  Cephei,  45 

Lebard,  Ledoux-,  R.,  &  A.  Dauvillier, 
dosimetry,  726, 1294;  locating  bullets, 
252 


Le  Bel,  883 

le  Chatelier,  H.,  and  J.  Lemoine,  steel, 

119 
Lechner,  G.,  ozone  formation,  493 
Ledoux- Lebard,  R.,  &  A.   Dauvillier, 

dosimetry,     726,     1294 ;     locating 

bullets,  252 
Leduc,  612 

Leduc,  A.,  specific  heats,  1049 
Lee,  O.  J.,  binary  star,  1019 ;  occulting 

shutter,  12 10 
Lees,  C.   H.,  inductance  comparison, 

603 ;    motion    through    fluids,    15 ; 

skm  friction,  1104 
van  Leeuwen,  C,  &  W.  H.  Keesom, 

thermodynamics,  907 
van  Leeuwen,  [Miss]  H.  J.,  hydrogen 

molecule,  754 
Le  Gris,  485 
Lehmann,  O.,  124 ;  crystalline  liquids, 

473  ;  liquid  crystals,  405,  408 
Leimer,  E.,  radium  antennae,  183B 
Leinwet)er,  B.,  gaseous  laws,  793 
Leithauser,  493 

Le  Marechal  &  Morin,  localising  pro- 
jectiles, 617 
Lembert,  440 


L^meray,  574 

5,1-, 
119 


Lemoine,  J.,  and  H.  le  Chatelier,  steel. 


Lenard,  P.,  99,  532,  595,  694,  1388 

V.  Lerch,  F.,  421 

Leroux,  619,  733 

Leslie,  214 

Lester,  H.,  thermionics,  588,  921 

Levi,  S.  M.,  &  A.  A.  Titov,  electrolysis, 
501 

Levi-Civita,  163,  853 

Levy,  A.  G.,  &  H.  M.  Howe,  harden- 
ing steel,  1394 

Levy,  H.,  fluid  motion,  512 

Levy,  L.  A.,  fluorescent  screens,  329 

L«wis,  E.  P.,  1054 ;  sound,  801  ; 
spectrum,  563 

Lewis,  G.  N.,  84 ;  atom  and  molecule, 
946 

Lewis,  G.  N.,  E.  Q.  Adams,  &  E.  H. 
Lanman,  electric  transference,  265 

Liapouno£F,  519 

Liebenthal,  63 

Liebig,  125 

Liebknecht,  O.,  243 

Liebowitz,  B.,  Hg- vapour  tube  oscil- 
lator, 464 

Liesche,  O.,  &  E.  Beckmann,  boiling 
Hg  as  solvent,  629;  ebullioscopy, 
1172 

Lignana,  G.,  phase  differences,  108 

Lilienfeld,  944 

Lind,  S.  C,  RaEm.,  691 

Lind,  S.  C,  O.  C.  Schaefer,  R.  B. 
Moore,  &  C.  L.  Parsons,  Ra-extrac- 
tion,  1 13 1 


Digitized  by  VjOOQ IC 


542 


NAME  INDEX. 


Lind,  S.  C,  &  C.  F.  Whittemore,  Ra 

in  carnotites,  907 
Lindemann,  82,  126,  902,  1189 
Lindemann,  F.  A.,  684 
Lipscomb,    G.    F.,    &  G.  A.   Hulett, 

calomel  cell,   409  ;    standard  cells, 

410 
de  Lisle,  A.,  361 
Livens,  G.  H.,  725 ;  dielectrics,  1059 ; 

electrodynamics,  1370 
Lockyer,  J.  N.,  star  catalogue,  307 ; 

star  classification,  171 
Lockyer,  N.,  &    H.   E.  Goodson,  Fe 

spectrum,  326 
Lowy»  H.,  gas  reactions,  125 
Lohnstein,  421 
van    Lohuizen,    T.,    Zeeman  -  effect, 

1039 
Lombardi,  L.,  induction,   803;    skin- 
effect,  109 
Lommel,  882 
Loomis,  N.  E.,  electrode    potentials, 

263 
Lord,  H.  C,  photo  lens,  426 
Lorenser,  1346 
Lorentz,  285,  295,  432,  467,  586,  670, 

881,   1064,   1 196,    1229,    1339,  1340, 

1370 
Lorenz,  242,  338,  898 
Lorenz,  H.,  inductance,  933 
Loria,  S.,  Th  series,  447 
Loro,  radiological  sextant,  251 
Loschmidt,  772,  1260 
Lo  Surdo,  A.,  892,  1247 
Lotka,  A.  J.,  photo  enlarging,  1029 
Love,  A.  E.  H..  997,  1385 
Lovelace,  B.  F.,  J.  C.  W.  Frazer,  &  E. 

Miller,  vapour  pressure,  630 
Low,  113 
Lowater,  F.,  891 
Lowell,  P.,  299, 1215  ;  trans-Neptunian 

planet,  534 ;  Saturn,  294 
Lowenstein,  F.,  radio  communication, 

1066 
Lucas,  R.,  126 

Luckey,  G.  P.,  tungsten  arc,  1277 
Luckiesh,  M.,  colour  filter,  1030;  eye 

fatigue,    191 ;    projecting   lanterns, 

1025  * 
Ludendorff,   H.,    R  Coronse  Borealis, 

300 
Ludewig,  P.,  X-ray  technique,  250 
Lubckc,  E.,  harmonic  analysis,  143 
Luder,  276 

Liissem,  H.,  spectrum,  779 
Lummer,  70 
Lummer,  O.,  703 
Lummer-Gehrcke,  1337 
Lummer-Kurlbaum,  1258 
Luplau-Janssen,  C,  binary  stars,  651 
Lusby,  S.  G.,  99 
Lyman,  T.,  spectrum,  778 
Lyons,  H.  G.,  823 


McAdie,  A.,  aerology,  647 
McAdie,  A.  G„  rainfall,  990 
Maccall,  W.  T.,  electromagnetics,  242 
McCay,  Le  R.  W.,  &  N.  H.  Furman; 

electro-analysis,  635 
McClelland,  J.  A.,  &    R.  Fitzgerald, 

photoelectrics,  807 
McClelland,   J.    A.,    &    P.    J.  Nolan, 

ballo-electncs,  805 
Macdonald,  H.  M.,  368,  1370  ;  electric 

waves,  1385 
MacDougall,    F.    H.,    state   equation, 

584 
McDowell,  L.  S.,  &  F.  G.  Wick,  silicon 

detector,  1387 
Maclnnes,  D.  A.,  liquid  potentials,  261 
Mcintosh,  D.,  &  R.  Edson,  colloidal 

solutions,  495  ;  vanadium,  731 
Mcintosh,  J.,  microscopy,  1126 
Mackay,  G.  M.  J.,  &  C.  V.  Ferguson, 

arc,  462 
McKeehan,  L.  W.,  electronic  charge, 

1191 
McKeehan,  L.  W.,  &  A.  F.  Kovarik, 

i3-rays,  332 
McKinney,  A.,  743 

McKiiiney,  A.,  &  F.  C.  Mathers,  elec- 
trolysis, 138 
Macku,  B.,  coupled  circuits,  744B 
McLachlan,  N.  W.,  hi.  magnetisation, 

351B  ;  Poulsen  generator,  866b 
McLennan,    J.    C,    1274,    1345;    Mg 

spectra,  505,  1346 
McLennan,  J.  C.,  &  D.  A.  Keys,  ionisa- 

tion,  1377 
McLennan,    }.    C,    &    A.    Thomson, 

spectra,  1344 
MacLeod,  695 
McNeile,  J.    D.,    &    F.    A.    Bellamy, 

proper-motion  stars,  873 
Maey,  949 

Magmi,  U.,  X-rays  in  war,  470 
Magnus,  A.,  specific  heat,  208 
Maitre,  1142 
Makower,  A.  J.,    &    W.    H.    Eccles, 

thermal  ammeters,  106 
Makower,  W.,  203  ;  «-particles,  1353 
Makower,  W.,  &  A.  B.  Wood,  recoil  of 

RaD,  78 
Maksimenko,  M.,   E.  Dischler,  &   N. 

Puschin,  Al  preparation,  478 
Malcles,  L.,  dielectrics,  373 
Mallik,  D.  N.,  &  A.  B.  Das,  discharge, 

1278 
Mallock,  54 
Maimer,  439 

Mancini,  Fossa-C,  water-hammer,  418 
Mandersloot,  W.,  spectra,  889 
Marage,  deafness,  1144 
March,    A.,    electron     theory,     914 ; 

evaporation,  1137 
Marckwald,  446 
Marcolongo,  R.,  three  bodies,  161 


Digitized  by  VjOOQIC^ 


NAME  INDEX. 


543 


Marechal,  Le,  &  Morin,  localising  pro- 
jectiles, 617 

Maresca,  S.,  266 

Marini,  E.,  &  M.  Blache,  heat  con- 
ductivity, 695 

Marsden,  E.,  447, 1354 

Marshall,  J.  W.  T.,  &  H.  W.  Banks, 
nephelometer,  189 

Martin,  1142,  1298 

Maran,  C,  &  H.  C.  Plummer,  R.S. 
Camelopardalis,  1112;  TT  Aurigae, 
664 

Martin,  H.  H.,  haloes,  1107 

Martin,  W.,  619 

Marx,  E.,  flame  conduction,  1375 

Mason,  W.,  stress  distribution,  804B  * 

Mathers,  F.  C,  743 

Mathers,  F.  C,  &  A.  McKinney,  electro- 
lysis, 138 

Mathewson,  C.  H.,  &  A.  Phillips,  a- 
brass,  486 

Mathewson,  C.  H.,  &  E.  M.  Thal- 
heimer,  ductility,  11 69 

Mathias,  584 

Mathias,  E.,  ball  lightning,  917 

Matsuda,  T.,  annealed  steel,  1077 

Matthew-Hill,  157 

Matthiessen,  485 

Maunder,  E.  W.,  solar  rotation,  169 

Maurer,  J.,  atmospheric  deterioration, 
132 1  ;  solar  phenomena,  532 

Maxim,  H.  P.,  bullet  sound-waves,  230 

Maxwell,  794,  801,  853,  857,  908,  1059, 
1 140,  1196,  1229,  1289,  1360, 1370 

May,  234 

Mecklenburg,  859 

Mecklenburg,  W.,  Tyndall-cffect,  427 

Mees,  C.  E.  K.^  50 ;  photographic 
exposure,  185 ;  photography,  60 ; 
sensitometry,  183 

Meggers,  W.  F.,  spectrometry,  65 

Meggers,  W.  F.,  K.  Burns,  &  P.  W. 
Merrill,  spectrometry,  887 

Meijering,  S.  C,  K-typc  stars,  12 19 

Meitner,  fMiss]  L.  447,  1356 

Melander,  K.  H.  A.,  liquid  p.d.'s,  496 

Meiotte,^  P.  J.,  comet,  299 

Mendeleef,  404 

Meneghlni,  D.,  Cu-Zn  alloys,  485 

Mercier,  M[ary],  projectile  location, 
1081 

Merica,  P.  D.,  &  H.  Hanemann, 
magnetisation,  no 

Merrill,  P.  W.,  W.  F.  Meggers,  &  K. 
Burns,  spectrometry,  887 

Merritt,  1307 

Merritt,  E.,  &  E.  L.  Nichols,  spectrum, 

75 
Merton,  T.  R.,  spectrum,  678 
Merton,  T.   R.,  &  J.  W.   Nicholson, 

broadened  lines,  1037 
Meslin,  G.,  243 ;  Monge's  experiment, 

"45 


Mesnager,  stress  analysis,  966 
MetcaU,  W.  V.,  van  der  Waals'  equa- 
tion, 222 
Meyer,  787 

Meyer,  A.  R.,  1121 ;  black-body  radia- 
tion, 182,  675 
Meyer,  E.,  205,  919,  1147 
Michaud,  G.,  &  J.  F.  Tristan,  infra-red 

filter,  422 
Michelson,  425 
Michelson,  A.  A.,  676, 971, 997 ;  grating, 

1028 
Mie,  G.,  860 
Miething,  H.,  1121 
Miller,  C.  D.,  X-rays,  1351 
Miller,  D.  C,  harmonic  analyser,  1182 ; 

harmonic  synthesiser,  267 
Miller,  E.,  J.  C.  W.  Frazer,  &  B.  F. 

Lovelace,  vapour  pressure,  630 
Miller,  E.  R.,  Callendar  recorder,  20 
Miller,  E.  R.,  &  H.  H.  KimbaU,  sky 

radiation,  1323 
Millikan,   R.  A.,   156,  279,  637,   1260, 
1269  ;  contact  e.m.f. '5,375  ;  Planck's 
"^>"  713  ;  sub-electrons,  1371 
Mills,  }.  E.,  molecular  attraction,  254 
Minkowski,  752,  853,  1370 
Mitinsky,  A.  N.,  elasticity,  276 
Moller,  H.  F.,  &  E.  H.   Riesenfeld, 
microbalance,  1181  ;   micro-electro- 
analyses,  1312 
Moesveld,  1388 
Mohler,  323 
Mohn,  looi 

Moles,  E.,  &   B.    Cabrera,   magneto- 
chemistry,  243 
MoUier,  705 

Monden,  H.,  compression  tests,  277 
Monge,  1 145 

Monk,  G.  S.,  star  spectra,  1218 
Moore,  E.  J.,  714 
Moore,  J.  H.,  654 
Moore,    J.  H.,   &   W.  W.   Campbell, 

nebulae,  652 ;  nebular  lines,  654 
Moore,    R.    B.,    S.    C.    Lind,    O.    C. 
Schaefer,    &    C.    L.    Parsons,    Ra- 
extraction,  1131 
Morazov,  N.,  860 
More,  1058,  1373 
Moreau,  1375 
Morgan,  J.  L.  R.,  421 
Morgan,  J.  L.  R.,  &  C.  E.  Davis,  sul- 
phuric acid,  494 
Morin    &    Le    Marechal,     localising 

projectiles,  617 
Morize,  H.,  atmo-electrics,  361 
Morley,  947 

Morley,  T.  B.,  air  flow,  978 
Morphy,    B.    H.,    &    S.    R.   Mullard, 

"Pointolite"  arc,  4075 
Morse,  896 

Morton,  W.  B.,  &  E.  J.  Harvey,  liquid 
motion,  281 


Digitized  by  VjOOQ IC 


544 


NAME  INDEX 


Moseley,  H.  G.  J.,  76,  439,  440,  471, 

567,  680,  783,  784,  894,  1040,  1249 
Moseley,  H.  W.,  passivity,  137 
Mossman,  R.  C,  meteorology,  19 
Mossotti,  718 
Miiiler,  1260 

Miiller,  A.,  dilatation,  570,  571 
Muller,  C,  &  E.  Warburg,  radiation 

constant,  213 
Muller,  W.,  drawing  bronze,  275 
Mullard,    S.    R.,    &   B.    H.    Morphy, 

'*  Pointolite  "  arc,  1075 
Murakami,  T.,  Tl-Se  system,  1 16 
Murray,  485,  1109 
Murray,  Erskine-.  J.,  605 
Myers,  C.  N.,  S.  F.  Acrce,  &  W.   F. 

Clarke,  hydrogen  electrode,  957 
Mylius,  501 


Nagaoka,  H.,  196,  1282,  1292 ;  crossed 
spectra,  70;  grating,  1337;  Hg- 
line  structure,  73  ;  interferometers, 
56;  line  widening,  72 

Nasmyth,  G.  W.,  464 

Natanson,  431 

Nead,  J.  H.,  carbon  steels,  389 

Nernst.  83,  01,  126,  408,  505,  612,  7^2, 
796,814,  816,  832,  1079,  1181,  1189, 
1256,  1290 

Neubauer,  F.  J.,  &  H.  M.  Jeffers,  comet, 
1015 

Neumann,  339 

Neumann,  B.,  &  E.  Bergve,  decomposi- 
tion potentials,  13 10,  131 1 

Neuswanger,  W.,  discharge,  600 

Neville,  1087 

Newall,  491 

Newall,  H.  F.,  F.  E.  Baxandall,  &  C.  P. 
Butler,  solar  Sjpectrum,  121 1 

Newbery,  E.,  «  J.  N.  Pring,  oxide 
reduction,  481 

Newman,  565 

Newton,  285,  316,  640, 861,  988,  1180 

Nicaisc,  C,  &  J.  E.  Verschafifelt, 
liquefied  gases,  1165 

Nichols,  E.  H.,  atmo-electrics,  916, 
1 198;  electrometer,  1061 

Nichols,  E.  L.,  &  H.  L.  Howes, 
fluorescence,  1349 

Nichols,  E.  L.,  &  E.  Merritt,  spectrum, 

75 

Nicholson,  J.  W.,  27,  381 ;  coronium 
atom,  760  ;  solar  corona,  1005 

Nicholson,  J.  W.,  &  T.  R.  Merton. 
broadened  lines,  1037 

Nicholson,  J.  W.,  &  E.  Wilson,  mag- 
netic shielding,  1289 

Nijland,  A.  A.,  &  E.  Hartwig,  UV 
Persei,  176 

Nipher,  F.  E.,  973  ;  gravitation,  640 

Nishikawa,  S.,  &  K.  Fuji,  h.t.  apparatus, 
1 156 


Ni^dorfiF,  S.  P.,  &  E.  F.  W.  Alexander- 
son,  magnetic  amplifier,  322B 

Nolke,  F.,  sound,  708,  1368 

Noel  I,  905 

Nolan,  J.  J.,  ballo-electrics,  804 

Nolan,  P.  J.,  &  J.  A.  McClelland, 
ballo-electrics,  805 

Nordlund,  1260 

Nordstrom,  G.,  752,  974,  988 

Northrup,  F.  F.,  fibrox,  888b;  model 
of  molecules,  268 ;  resistivities,  1 157 

Northrup,  E.  F.,  &  R.  G.  Sherwood, 
resistivity,  1389 

Novikov,  W.,  501 

Noyes,  947 

Nutting,  P.  G.,  180,  322,  702,  1026, 
1032;  grey  radiation,  1139;  shutter- 
tester,  1024 ;  sputtered  metals,  1096 

Obata,  J.,  Ag  voltameter,  960;  man- 

ganin  resistances,  817 
Oberhoffer,  IJ05 
Oddo,  G.,  ionisation,  460 
Od^n,  S.,  427,  1 190 
Oehler,  A,  J.,  &  L.  P.  Sieg,  elasticity, 

748 
Ogordnikoflf,  883 

8kada,  T.,  seasonal  correlations,  992 
kubo,  J.,  &  K.  Honda,  ferromagnetics, 

1287 
Omori,  1 20 1 

Onnes,  H.  K.,  240,  378,  467,  1256 
Onnes,  H.  K.,  &  C.  A.  Crommelin,  Ne 

isothermals,  89 
Onnes,    H.    K.,    &    W.   H.    Keesom, 

specific  heat,  1133 
Onnes,  H.   K.,  &  S.   Weber,  vapour 

pressure,  91 
Ono,  A.,  elasticity,  274 
Oosterhuis,  467 
Oppenheim,    S.,    helium    stars,    173 ; 

solar  motion,  535 
Osborne,  N.  S.,  Sc  H.  C.   Dickinson, 

calorimeter,  81 
Oseen,  C.  W.,   electrons,  709 ;    light 

extinction,  1229;  model  atom,  158; 

optical  rotation,  188  ;  radiation,  1341 
Ostwald,  131,  1176 
Ostwald,  w.,  1 167  ;  colour,  1342 
Ott,  E.,  Hefner  lamp,  63 
Overbeck,  K.,  721 
Owen,  D.,  crystal  detector,  929 
Owens,  K.  B.,  493 

Oxley,  A,  E.,  Fe  transformations,  826* 
Oztl,  F.,  &  Buffon,  projectile  localisa- 
tion, 115 

Paci,  E.,  RZ  Cassiopeiae,  41 
Pacini,  D.,  blue  of  sky,  286 
Paddock,  G.  F.,  binary  orbits,  41 
Page,  L.,  1050 ;  radiation,  582 
Palisa,  comet,  870 
Paneth,  F.,  568 


Digitized  by  VjOOQIC 


NAME  1NDEX« 


545 


Panelh,  F.,  &  G.  v.  Hevesy,  isotopes, 

488 ;  RaD,  445 
Panetti,  M.,  air- resistance,  13 
Parker,  F.  H.,  spectroscopic  binary,  39 
*'  Parodi,"  666 

Parr,  S.  W.,  acid-resisting  alloy,  260 
Parravano,  N.,  &    U.   Perrct,  Mn-Bi 

alloys,  734 
Parson,  A.  L.,  atomics,  154 ;  electro- 
meter, 107 
Parsons,  C.  L.,  R.   B.  Moore,  S.  C. 

Lind,    &    O.     C.     Schaeffer,     Ra- 

extraction,  1131 
Partington,  J.  R.,  &  M.  Jones,  solution, 

219 
Partzsch,  1376 
Paschen,  564, 565,  1258 
Pasteur,  883 
Patterson,    R.    A.,    &    H.    S.    Uhler, 

third  cyanogen  band,  305 
Pauli,  1239 
Pawlow,  1246 

Pease,  &  W.  S.  Adams,  Nova,  1020 
Peczalski,  T.,  radiation  law,  580,  1048  ; 

tungsten's  radiation,  674 
Pcderson,  P.  O.,  microphonic  contacts. 

Peek,  1 153 

Peffer,  E.  L.,  &  H.  D.  Holler,  CUSO4 

solutions,  829 
Pelabon,  H.,  733 

Pellini,  G.,  Se-Ag  compounds,  733 
Peltier,  602,  605,  816,  1068 
Perisse,  L.,  air  whirls,  1192 
Perley,  G.  A.,  &  C.  W.   Davis,  sul- 

phated  lead  cells,  344B,  345B 
Perot,  70,  72 
Perot,  A.,  observing  coincidences,  413  ; 

solar  atmosphere,  292 
Perot,  Fabry-,  1337 
Perret,  U.,  &  N.   Parravano,   Mn-Bi 

alloys,  734 
Perrine,  C.  D.,  sokr  motion,  33,  1007  ; 

spectroscopic  Mnaries,  40 
Peskov,  N.  P.,  light-filter,  423 
Peters,  O.  S.,  lightning  protection,  280B 
Peters,  W.  E.,  1051 
Peters,  W.  J.,  &  L.  A.  Bauer,  magnetic 

survey,  114 
Pfaundler,  800 
Pfund,  A.   H.,  68,  436;  light-sensitive 

CuA  234, 717 
Philip,  A.,  metal  corrosion,  827* 
Phillips,  860,  972, 1 103 
Phillips,  A.,    &    C.    H.    Mathewson, 

a- brass,  486 
Phillips,  C.  E.  S.,  Hg  interrupters,  1154 
Phipps,  T.  E.,  E.  P.  Schoch,  &  D.  J. 

Brown,  electro-analysis,  1179 
Picart,  L.,  minor  planets,  31 
Piccard,  A.,  939 
Piccard,  A.,  &  E.  Cherbuliez,  magnetic 


solutions,  245 


2Q 


Pickering,  E.  C,  R  Coronae  Borealis,  42 
Pickering,  S.   U..  243,  1175;  metallo 

compounds,  736 
Pickenng,  W.  H.,  moon,  1214 ;  photo- 
metry of  firefly,  773 
Pier,  454 
Pierce,  S.  E.,  76 

Piersol.  R.  J.,  photoelectrics,  1270 
Pilon,  H.,  radiographing  metals,  886b 
v.  Pirani,  M.,  1121,  1227 
Planck,  83,  95,  346,  375,  582,  583,  704, 

713,  915,  1046, 1 12 1,  1 140,  1260, 1261 
Planck,  M.,  670,  801,  908,  974,    1027, 

1050,  1229,  1359;  gas  entropy,  349; 

phase     medium,     1362  ;     quantum 

theory,  347,  348 
Planck,  Wien-,  213 
Plank,  R.,  thermodynamics,  705 
Plaskett,  J.  S.,  solar  rotation,  290 
Plaskett,  H.  H.,  solar  rotation,  657  ; 

spectrography,  1009 
Plateau,  419 
Plenz,  F.,  &  E.  Terres,  combustion, 

792 
Pliiss,  M.,  viscosity,  1083 
Plummer,  H.  C,  1223  ;  minor  planets, 

659 ;  star  clusters,  312  ;  star  motions, 

310 
Plummer,  H.  C,    &    C.  Martin,  R.S. 

Camelopardalis,  1112  ;    TT  Aurigae, 

664 
Pockels,  A.,  surface  tension,  987 
Pocock,    R.    !.,  proper-motion    stars, 

1336  ;  star  distribution,  766 
Pogany,  B.,  optics  of  films,  813,  1027 
Pogany,  B.,  &  G.  Zemplen,  viscosity, 

638 
Pohl,  1271 

Poincare,  H.,  157,  242,  1362 
Poiseuille,  517, 1083,  1340,  1360 
Poisson,  353,  852,  1 188 
de  Poliakoff,  J.,  projectile  localisation, 

728 
Pollock,  J.  A.,  electric  oscillations,  368  ; 

heat  conductivity,  340,  125 1 
Poole,  H.  H.,  dielectrics,  1070 
Porter,  A.  W.,  adsorption,  406 ;  dilution 

heat,  93 
Porter,  L.C.,  projecting  lanterns,  1025* 
Porter,  R.  E.,   &  F.   C.  Frary,  silver 

cyanide  bath,  499 
Posejpal,  v.,  refractometry,  669 
Postma,  O.,  entropy,  586 
Pourteau  &  Baillaud,  star-places,  769 
Howis,  F.,  electric  transference,  848 
Poynting,  1232 

Poynting,  J.  H.,  860,  972,  1103 
Pozanni,  128 1 
Prager,  649 
Prager,  R.,   &  P.   Guthnick,  a  Cygni, 

303 
Prandtl,  L.,  iioo 
Pratt,  L.  Sm  radio-activity,  790 

Digitized  by  VjOOQIC 


S46 


NAME  INDEX. 


Press,  A,,  skin-effect,  1391 

Pring,  J.  N.,  &  E.  Newbery,  oxide  re- 
duction, 481 

Pringsheim,  703,  1271 

Proudman,  J.,  motion  in  liquid,  977 

Przybyllok,  E.,  latitude  variation,  066 

Puluj,  153 

Purkinje,  1032,  1033 

Ruscbin,  N.,  E.  Dischler,  &  M.  Maksi- 
menko,  Al  preparation,  478 

Pyle,  L.,  galvanometer,  466 

Quartaroli,  A.,  magnetic  susceptibility, 

724 ;  magneto-cnemistry,  738 
de  Quervain,  A.,  708 
Quincke,  2^3,  273,  738,  1281 
Quincke^  MrarieJ,  Au  spectrum,  435 
Quittner,  1287 

Raman,    C.    V.,    1053 ;     intermittent 

vision,  54  ;   "  Wolf-note,"  1052,  1366 
Raman,  C.  V.,  &  S.  Appaswamaiyar, 

bowcKi  string,  352 
Ramsay,  W.,  421, 480, 1256  ;  molecular 

configuration,  1082 
Ramsey,  R.  R.,  692  ;  radio-activity,  451 
Randall,  M.,  84 
Randall,  M.,  F.  R.  v.  Bichowsky,  & 

W.    H.    Rodebush,    potentiometer, 

1076 
Rankin,  1137 
Rankine,  210 
.Rankine,  Bose-,  91 
Raoult,  630 
Raps,  105 1 
Rasch,  702 
Rathjen,  H.,  &  F.  A.  Schulze,  specific 

heats,  697 
Rau,  1246 

Raveau,  C,  solution  heat,  1094 
Ravenshear,  A.  F.,  evaluating  integrals, 

144 
Rawdon,  H.  S.,  annealingbronze,  624 
Rawdon,   H.  S.,  &  C.  P.  Karr,  zinc 

bronze,  953 
Rawlinson,  W.  F.,  786 
Rayet,  Wolf-,  302,  063,  1020 
Rayleigh,  72,  83,  284,  286, 368,419, 427, 

491.  ^3^*  723>  801,  1 140,  1229,  1364, 

1367 ;  bar  vibrations,  1365  ;  capacity 

of  spheres,  594 ;  capillary  tube,  282; 

fluid    flow,    979;    gas  flow,   1100; 

Helmholtz    resonator,    357;     small 

resonators,  1141 ;  sound  propagation, 

353 

Read,  A.  A.,  &  J.  O.  Arnold,  Fe-Mo 
carbides,  399 

Read,  A.  A.,  &  R.  H.  Greaves,  Ni-Al 
alloys,  256 

Read,  J.  W.,  &  E.  W.  Washburn,  solu- 
bility, 627 

Rebiere,  G.,  chronophotograph,  549 


Reed,  W.  G.,  rain-gauge   exposures, 

T.524        ^ 

Regener,  E.,  205 

Reiche,  F.,  dispersion,  1230 

Reinold,  419 

Reis,  A.,  flames,  456 

Reissner,  H.,  gravitation  field,  1196 

Renard,  13 

Renwick,  F.  F.,  &  O.  Bloch,  opacity, 
428 

Retschinsky,  T.,  canal  rays,  202 

Reyn,  Finsen-,  66 

Reynolds,  Osborne,  515,  638 

Reynolds,  J.  H.,  nebula,  12 16 

Rhijn,  P.  J.  Van,  star  colour,  541 

Rhodes,  }.  B.,  alloy  steel,  390 

Ribaud,  1348 

V.  Ricci,  853 

Ricci,  C.  L.,  rotational  dynamics,  982 

Rice,  T.,  quantum  theory,  221 

Rice,  M.,  &  A.  W.  Hull,  X-rays,  1249 

Richard,  J.,  &  E.  Colardeau,  stereo- 
scope, 429 

Richards,  J.  W.,  electric  furnace,  477*; 
heat  conductivity,  80'^ 

Richards,  T.  W.,  421,  446,  584 ;  phase 
rule,  828 

Richards,  T.  W.,  &  G.  W.  Harris,  float- 
ing equilibrium,  746 

Richards,  T.  W.,  &  C.  Wadsworth, 
radio- lead,  569,  1250 

Richardson,  O.  W.,  588,  602,  605,  713, 
1269 ;  photoelectrics,  364 

Richardson,  O.  W.,  &  C.  B.  Bazzoni, 
electron  currents,  1380 ;  helium 
spectra,  1246 

Richardson,  O.  W.,  &  C.  Sheard, 
thermionics,  920 

Richardson,  S.  S.,  electron  theory,  886  ; 
dispersion,  560 

Richter,  F.,  &  K.  Fajans,  radio- 
elements,  568 

Rickenbacher,  W.,  &  A.  Hagenbach, 
'  film  thickness,  17 

Riemann,  853 

Ries,  1239 

Riesenfeld,  E.  H.,  &  H.  F.  Moller, 
microbalance,  ii8i ;  micro  electro- 
analysis,  13 12 

Righi,  A.,  1281  ;  current  path  in 
electrolyte,  264 ;  discharge,  1383  ; 
ionomagnetics,  710 ;  magneto-ionisa- 
tion,  925 

Rinkel,  R.,  contact  detectors,  115B 

Ritchie,  E.  G.,  beams,  416 

Ritter,  K.,  632 

Ritter,  K.,  &  K.  A.  Hofmann,  carbon 
cell,  631 

Ritz,  562 

Ritzel,  A.,  1 164 

Rive,  De  La,  1278 

Roberts,  W.  van  B.,  eclipsing  variable, 
37 


Digitized  by  VjOOQ IC 


NAME  tNt)EX. 


547 


Robertson,  A.,  273 

Robertson,   D.,    damped    oscillations, 

lOI 

Robertson,  I.  W.,  &  G.  A.   Burrell, 

vapour  pressures,  94 
Robinson,  1356 
Robinson,  H.,  786 
Robinson,  J.,  photoelectrics,  1376 
Robinson,  P.  E.,  spectra,  324 
Rodebush,  W.  H.,  F.  R.  v.  Bichowsky, 

&  M.  Randall,  potentiometer,  1076 
Rodgers,   R.  C,  amalgam  resistance, 

1390 
Roels,  F.,  after-sounds,  358 
Rossler,  823 
Rogowski,  W.,  113  ;    a.c.    resistance, 

143B 
Rohmann,  H.,  684 
Roka,  493 

Rolla,  L.,  sulphur  potential,  126 
Roop,  W.  P.,  gas  susceptibility,  939 
Rosa,  E.  B.,  817 
Rosa,  E.  B.,  E.  C.  Crittenden,  &  A.  H. 

Taylor,  c.p.  of  flames,  559 
Rosa,  E.  B.,  &  G.  W.  Vinal,  Ag  volta- 
meter, 1280 
Rosa,  M.  La,  discharge,  715 
Rose,  C.  C,  L.  G.  Tinkler,  &  C.  W. 

Bennett,  electrolysis,  140 
Rose,  H.,  and  A.  Wiegrefc,  reflection, 

1233 
Rosenhain,  W.,    1305  ;   optical  glass, 

1234 

Ross,  latitude  determmation,  1000 

Rossi,  A.  G.,  transformer,  1158 

Rowland,  296 

Roy,  L.,  911  ;  electrodynamics,  912 

de  Roy,  F.,  MiraCeti,  1220 

Royds,  T.,  296,  304,  1209,  133 1 

Royds,  T.,  &  J.  Evershed,  solar  line- 
shifts,  1004 

Rubens,  W.,  dispersion,  52 

Ruder,  W.  E.,  brittleness,  1088 

Ruchardt,  E.,  electric  furnace,  935  ; 
phosphorescence,  198 

Rucker,  A19,  1289 

Ruer,  626 

Riiter,  928 

Ruff,  O.,  1298  ;  Fe-C  diagram,  1302 

Ruff,  O.,  &  W.  Bormann,  Fe  and 
carbon,  620 ;  Fe-C  alloys,  1301  ; 
Mn  and  carbon,  6r8  ;  Ni  and  car- 
bon, 619 

Ruff,  O.,  &  F.  Keilig,  Co  and  carbon, 
621 

Runge,  C,  435,  1138,  1245  ;  dimen- 
sions, 965 

Russ,  S.,  203,  448 

Russell,  A.  S.,  126 

Russell,  H.  N.,  310;  albedo  of  planets, 
763  ;  sun's  magnitude,  660 

Russo,  G.,  experimental  tank,  1106 

Rutherford,  1005,  1132 


Rutherford,  E.,  76,  206,  330,  332,  381, 

445,  448,  7^>  i354»  i355>  135©  ^    _^ 
Rutherford,  E.,  &  A.  B.  Wood,  Th 

a-particles,  6iB9 
Rydberg,  564,  915 

Sabine,  227 

Sabouraud,  444 

Sacerdote,  1058 

Sachs,  S.,  discharge,  102 

Sack,  M.,  961 

Sahmen,  ^6 

St.  John,  C.  E.,  &  L.  W.  Ware,  spec- 
trometry, 1243 

St.  Venant,  852 

Saldau,  P.  J.,  Au-Cd  alloys,  484 

Salomonson,  J.  K.  A.  W.,  photography, 
186  ;  X-ray  measurement,  200 

Salpeter,  583 

Samesima,  Z.,  Daniell  cell,  634 

Sampson,  293 

Sand,  H.  J.  S.,  Cd- vapour  lamp,  607 

Sandstrom,  J.  W.,  wind  observations, 
646 

Sanford,  F.,  contact  potential,   1151  ; 
dielectrics,  915 

Sanford,  R.  L.,  magnetism,  112 

Sankey,  C.   E.   P.,  alignment  charts, 
1 183 

Sarasin,  E.,  and  T.  Tommasina,  Volta- 
effect,  604,  1072 

Sargent,  F.,  Jupiter,  762 

Sastry,  S.  G.,  gas  ignition,  906 

'*  Satista,"  184 

Sato,  S.,  underground  temperature,  287 

Saunders,  F.  A.,  spectra,  775 

Sauveur,  A.,  steel  inclusions,  1304 

Scarr,  J.  H.  A.,  368 

Schachenmeier,  R.,  viscosity,  124 

Schad,  L.  W.,  D.  H.  Sweet,  &  A.  W. 
Gray,  magnetics  of  Ni  steel,  1292 

Schaefer,    C,    "  Log    Isos "    method, 
1361 

Schaefer,  C,  &  M.  Schubert,  crystal 
optics,  1242  ;  spectra,  1241 

Schaefer,  C,  &   H.  Stall witz,  disper- 
sion, 1 23 1 

Schaefer,  K.  L.,  Seebeck's  tubes,  136 

Schaefer,  O.  C,  S.  C.   Lind,    R. 
Moore,  &  C.  L.  Parsons,  Ra-extrac- 
tion,  1 13 1 

Schaffer,  269 

Scheiner,  59 

Schidlof,    A.,     156,    231 ;    electronic 
charge,  231 ;  Hg  spherules,  12 

Schidlof,  A.,  &   A.    Karpowicz,  elec- 
tronic charge,  591 

Schidlof,  A.,  &  A.  Targonski,  Brownian 
motions,  1099 

Schild,  K.,  &  A.  Tobler,  a.c.  measure- 
ments, 948B 

Schimank,  H.,  state  equation,  1256 

Schirmeister,  H.,  Al  alloys,  1171 


Digitized  by  VjOOQ IC 


548 


NAME  INDEX. 


Schleicrmacher,  210 

Schlesinger^   F.,    binary    stars,    665  ; 

latitude  variation,  999  ;  X  Tauri,  662 
Schlesinfjer,  H.  I.,  K.  C.  Bingham,  & 

A.  B.  Coleman,  viscosity,  639 
Schlundt,  H.,  Ra-extraction,  950 
Schmidt,  W.,  sound  propagation,  1265 
Schoch,  E.  P.,  &  D.  J.  Brown,  with 

T.  E.  Phipps,  electro-analysis,  1179 
Schramm,  E.,  H.  E.  Cleaves,  &  J.  R. 

Cain,  pure  iron,  735 
Schriever,  928 
Schroder,  67 
Schrodinger,  E.,  11  ;  experiments  on 

particles,  10 
Schubert,  M.,  &  C.  Schaefer,  crystal 

optics,  1242  ;  spectra,  1241 
v.  Schiitz,  A.,  self-induction,  1372 
Schultze,  H.,  217,  904 
Schultze,  H.,  &  L.  Hoiborn,  gas  iso- 

thermals,  92 
Schulze,   F.  A.,   602  ;    audition,  800 ; 

Joule-Thomson    eflFect,    905 ;    state 

equation,  904 
Schulze,  F.  A.,  &  H.  Rathjen,  specific 

heats,  697 
Schulze,  u.,  266 
Schumann,  778,  1296 
Schumann,  K.,  &  L.  Flamm,  o-par- 

tides,  1354 
Schunck,  "  Pointolite  *'  arc,  1075* 
Schuster,  A.,  491,  711,  842  ;    gravity 

determination,  1195 
Schuyler,  A.  H.,  &  W.  H.  Wills,  elec- 
tric furnace,  477 
Schwaiger,  A.,  graphical  integration, 

851 
V.  Schwarz,  M.,   electrolytic    copper, 

1303 

Schwarze,  W.,  210 

Schwarzschild,  170,  314 

V.  Schweidler,  E.,  205  ;  radio-activity, 
787 

Schweikert,  G.,  sound  speeds,  228 

Schwers,  F.,  specific  heat,  1253 

Scott,  H.,  &  G.  K.  Burgess,  Fe  critical 
points,  1396 

Scripture,  1051 

Scares,  F.  H.,  star  colours,  309 

Searle,  G.  F.  C,  720  ;  lens-stop  aper- 
ture, 317  ;  prism  experiments,  318 

Seashore,  C.  E.,  tonoscope,  706 

See  beck,  800,  1369^ 

Seeliger,  R.,  air-resistance,  13 18 

Seeman,  H.,  X-ray  spectroscop3%  683 

Seitz,  248 

Selga,  650 

Sehgman,  R.,  &  P.  Williams,  action  of 
acid  on  Al,  1093 

Sellerio,  A.,  arc,  714 

Senglet,  R.,'&  E.  Briner,  carbides,  1298 

Shakespear,  G.  A.,  densitameter,  849 

Shanklin,  G.  B.,  dielectric  loss,  896B 


Shapley,  H.,  768 ;  RR  Lyrae,  767 ; 
stellar  spectra,  1017 

Shapley,  M.  B.,  U  Cephei,  1217 

Shaw,  H.  K.,  nebula, ^08,  1216 

Shaw,  N.,  upper  air,  ^48 

Shaw,  P.  E.,  861,  1 103;  gravitation, 
860,972 

Shaw,  P.  E.,  &  C.  Hayes,  magneto- 
meter, 1293 

Sheard,  C,  &  O.  W.  Richardson, 
thermionics,  920 

Shearer,  G.,  1058 

Shearer,  G.,  &  C.  G.  Barkla,  electron 
velocity,  79 

Shemtschushni,  S.,  N.  Kumakov,  &  M. 
Zasedatelev,  Au-Cu  alloys,  483 

Sherrer,  P.,  &  P.  Debye,  X-ray  inter- 
ference, 1 1 30 

Sherwood,  R.  G.,  &  E.  F.  Northrup, 
resistivity,  1389 

Shewhart,  W.  A.,  &  F.  R.  Watson, 
wave  motion,  514 

Shield,  A.  H.,  tracing  curves,  636 

Shields,  421 

Shimizu,  1292 

Shoemaker,  M.  P.,  F.  A.  Wolff,  &  C.  A. 
Briggs,  resistance  standards,  370 

Shore,  1394 

Shorter,  S.  A.,  surface  layers,  520 

Siacci-Didion,  278 

Sieg,  L.  P.,  &  A.  J.  Oehler,  elasticity, 
748 

Siegbahn,  M.,  electromagnetics,  1067  ; 
h.f.  spectra,  439,  1042  ;  X-ray  spec- 
trometer, 1248 ;  X-ray  tube,  376 

Siegbahn,  M.,  &  E.  Friman,  h.f.  spectra, 
440,  681,  783,  784;  X-ray  spectro- 
graph, 770 

Siegbahn,  M.,  and  W.  Stenstrom,  h.f. 
spectra,  680, 11 29 

Siertsema,  L.   H.,  magnetic  rotation, 

432 
Sieverts,  A.,  Pd  and  hydrogen,  474 
Sieverts,  A.,  &  W.  Wippelmann,  elec- 
trolytic Cu,  497 
Silberstein,  L.,  magneto-optics,  1348  ; 

spectra,  195 
Silsbee,  F.  B.,  inductance  of  resistances, 

1279 
Silsbee,  F.  B.,  F.  Wenner,  &  E.  Weibel, 

inductance  measurement,  237 
Silvey,  O.  W.,  fall  of    droplets,  279, 

280 
Simpson,  G.  C,  atmo-electrics,  1373 
de  Sitter,  W.,  Jupiter,  293,  868 
Sizes,  G.,  resonance,  1 143  ;  sound,  356 
Skinner,  C.  A.,  599,  600 
Skinner,  S.,  heat  flow,  696;  negative 

H(]uid  pressure,  983 
Slavmsky,  P.,  Cu-Sn  alloys,  1087 
Slocum,  168 
Smee,  632 
Smekal,  A.,  thermodynamics,  224 


Digitized  by  VjOOQIC 


NAME   INDEX. 


549 


Smid,  E.  I.,  &  C.  A.  Crommelin,  mano- 
metry, 269 

Smith,  960 

Smith,  A.  W.,  Hall-effect,  725,  1079 

Smith.  D.  P.,  &  N.  T.  Gordon,  e.m.f.  of 
alloys,  633 

Smith,  F.  E.,  1024,  1280 

Smith,  H.,  spectrum,  197 

Smith,  O.  H.,  retrograde  rays,  1273 

Smith,  R.  H.,  G.  D.  Bcngough,  & 
W.  E.  Gibbs,  corrosion,  1307 

Smith,  S.  W.  J.,  241 ;  heated  filament 
experiments,  374  ;  ion  migration, 
838 ;  ion  velocity,  836 

Smith,  T.,  lens  correction,  877  ;  glass 
for  objectives,  876  ;  lenses,  875 

Smith,  W.  H.,  Satista  paper,  184 

Smith,  W.  S.  T.,  microscopy,  874 
.Smith  &  Sons,  S.,  744 

Smithells,  1375 

Smits,  A.,  1 172,  1 174 

Smits,  A.,  &  A.  H.  W.  Aten,  electro- 
motive equilibria,  058 

Smits,  A.,  &  C.  A.  L.  de  Bn]3m,  pas- 
sivity, 411 

v.  Smoluchowski,  M.,  857  ;  Brownian 
movement,  518 ;  emulsions,  133 ; 
state  equations,  579 

Snell,  53 

Snethlage,  Miss  A.,  Brownian  motions, 

857 

Snethlage,  Miss  A.,  &  ].  D.  van  der 
Waals,  Jr.,  Brownian  movement,  985 

Snethlage,  H.  C.  S.,  dissolved  electro- 
lytes, 1 175 

Soddy,  1164 

Sola,  J.  C,  nebula,  655;  stereo-gonio- 
meter, 548 

Sommerfcld,  A.,  564,  781,  785,   1066, 

1356,  I359»  1362 
Sonaglia,  C,  Lo  Surdo's  law,  892 
Sone,  T.,  i ;  electrolytic  Fe,  61 1 
Sone,  T.,  &  K.  Honda,  geyser,  1328 
Souder,  W.  H.,  photoelectrics,  1271 
Southerns,  860 
de  Sparre,  ballistics,  750 ;  projectile 

trajectory,  278,  510 
Speranski,  A.,  electrolysis  of  glass,  500 
Sperry,  48 

Spielrein,  J.,  electrostatics,  232 
Spittaler,  538 
Stadeler,  618 
Stall witz,  H.,  &  C.  Schaefer, -dispersion, 

1231 
Stanton,  T.  E.,  stress  distribution,  884B* 
Stark,  678,  779,  781,    883,  888,   looi, 

1247 
Stark,  J.,  181,  1384;  atomic  structure, 

1296 ;  hydrogen  spectra,  677  ;  series 

lines,  780  ;  Stark-effect,  438 
Stead,  J.  E.,  1305 
Stebbins,  J.,  9  Aquilae,  650 ;  p  Lyrae,  649 ; 

selenium  photometry,  871 


Stebbins,  J.,  &  J.  Kunz,  photoelectric 

cells,  465 
Steele,  B.  D.,  1256 
Stefan,  219,  284 

Stefan-Boltzmann,  85,  699,  898,  1260 
Stefanini,  A.,  vowel  sounds,  105 1 
Steichen,  A.,  radio-activity,  692 
Steinhaus,  W.,  &   E.    Gumlich,  low- 

hjrsteresis  iron,  209B  ;  magnetisation, 

239 
Steinhausen,  W.,  flute  vibrations,  229 
Steinmetz,  722 
Steinmetz,    C.    P.,    impulse   currents, 

213B 
V.  Steinwehr,  H.,  &  W.  Jaeger,  specific 

heat,  209 
Stellenheimer,  328 
Stenstrom,  M.,  &   M.    Siegbahn,   h.f. 

spectra,  680,  11 29 
Stern,  O.,  entropy,  796 
Stetson,  H.  T.,  stellar  photometry,  10 10, 

lOII 

Steubing,  438 

Steven,  A.  I.,  78 

Stevenson,    W.   H.,    pupil's  aperture, 

1237 
Stewart,  G.  W.,  sound,  799 
Stewart,  J.  Q.,  eclipsing  variables,  36 
Stewart,    T.    D.,    &    R.    C.    Tolman, 

accelerated  conductors,  1266 
Siprmer,  531 
Stormer,  C.,  aurora,  315,  ni8  ;  solar 

vortices,  lOoi 
Stokes,  279,  724,  848,  1 191 
Stokes,  C.  G.,  670 
Stokes,  Cunningham-,  156 
Stokes-Ladenburg,  280 
Storch,  1 176 

Strachan,  £.  K.,  solutions,  1089 
Strong,  75 

Strutt,  R.  J.,  327 ;  active  nitrogen,  945 
Sumpner,  814 
Surdo,  Lo,  A.,  892,  1247 
Sutherland,  153,  794 
Suyehiro,  K.,  torsionmeter  mirror,  1235 
Svedberg,  T.,  133 ;  conductivity,  954 
Swan,  456 
Swann,  W.  F.  G.,  1061 ;  earth's  charge, 

98 ;  ionisation  of  atmosphere,  711 
Sweet,  D.  H.,  A.  W.  Gray,  &  L.  W. 

Schad,  magnetics  of  Ni-steel,  1292 
Swinton,  A.  A.  Campbell,  808 

Taber,  S.,  crystal  growth,  859 
Takagi,  H.,  &  K.  Honda,  cementite, 

241 
Takagi,  H.,  K.  Honda,  &  K.  Tawara, 

special  steels,  1161 
Takahashi,  Y.,  diffraction,  1228 
Takamine,  T.,  Hg  triplet,  196 
Tammann,  G.,  476,  624 
Tanatar,  S.,  &  E.  Burkser,  emission  in 

reactions,  479 


Digitized  by  VjOOQ IC 


550 


NAME  INDEX. 


Tank,  F.,  condenser  losses,  235;  di- 
electrics, 814 
Targonski,  A.,  231 ;  Brownian  motions, 

Targonski,  A.,  &  A.  Schidlof,  Brown- 
ian motions,  1099 

Tate,  421 

Tate,  J.  T.,  ionisation  potentials,  1274 

Tavanti,  1087 

Tawara,  K.,  H.  Takagi,  &  K.  Honda, 
special  steels,  1161 

Taylor,  771 

Taylor,  A.  H.,  E.  C.  Crittenden,  &  E.  B. 
Kosa,  c.p.  of  flames,  559 

Taylor,  E.  G.,  X-rays,  1128 

Taylor,  G.  I.,  977 ;  wind  friction,  164 

Taylor,  H.  O.,  harmonic  analysis,  7 

Taylor,  J.  B.,  projecting  lanterns,  1025 

Taylor,  T.  S.,  1353,  1354 

Taylor,  W.  A.,  &  H.  L.  Curtis,  con- 
ductivity measurement,  135 

Tchigevsky,  N.,  &  N.  Blinow,  nitrogen 
in  iron,  1306 

Tchopovsky,  Fechtcenko-,  S.  A.,  cemen- 
tation, 1300 

Teillard,  A.,  Coolidge  tube,  1162 

Tenani,  M.,  atmospheric  movements, 
989 

Terada,  T.,  apparent  periodicities, 
1185  ;  cyclonic  precipitation,  530; 
rainfall,  755 

Terazawa,  K.,  gravity,  997  ;  mutual  in- 
ductance, 1282 

Tcrres,  E.,  &  F.  Plenz,  combustion, 
792 

Tesla,  233, 1066 

Tetmajer,  415 

Tetrode,  H.,  349,  586 

Thalheimer,  E.  M.,  &  C.  H.  Mathew- 
son,  ductility,  1169 

Thiel,  A.,  carbon  cell,  632 

Thiele,  64,  305 

Thiele,  H.,  comet,  ioia 

Thicme,  B.,  flames,  596 

Thiesen,  M.,  153 

Thompson,  F.  C,  elasticity,  273  ;  Fc 
transformations,  826^^ ;  magnetics 
of  pure  Fe,  723 ;  surface-tension, 
1098 

Thompson,  J.  G.,  &  C.  W»  Bennett, 
overvoltage,  841 

Thompson,  S.  P.,  54 

Thomsen,  154 

Thomson,  924,  1068 

Thomson,  A.,  &  J.  C.  McLennan, 
spectra,  1344 

Thomson,  J.,  507 

Thomson,  J.  J.,  366,  602,  713,  1273, 
1379,  1391 ;  conduction,  360 ;  radia- 
tions from  atoms,  676 ;  X-rays,  77, 
688 

Thomson,  Joule-,  905 

Thome,  P.  C.  L.,  colloidal  carbon,  739 


ac- 


Thornton,W.M.,  dielectrics,  1153  ;  g^ 
ignition,  343,  700 ;  specific  heat, 
84 

Thwing,  85 

Tiddy,  H.  P.,  368 

Tinker,  F.,  osmotic  pressure,  834 ;  semi- 
permeable membranes,  830 ;  vapour 
pressures,  1257 

Tinkler,  L.  G.,  C.  C.  Rose,  &  C.  W. 
Bennett,  electrolysis,  140 

Titov,  A.  A.,  &  S.  M,  Levi,  electrolysis, 
SOI 

Tobler,  A.,  &  K.  Schild,  a.c.  measure- 
ments, 948B 

Tolman,  R.  C,  974,  975,  988 

Tolman,  R.  C,  &  T.  D.  Stewart, 
celerated  conductors,  1266 

Tolman,  R.  C,  physical  equations,  076 

Tommasina,  T.,  &  E.  Sarasin,  Volta- 1 
effect,  604,  1072 

"  Topler."  1338 

Tower,  630 

Townsend,  1272 

Townsend,  C.  McD.,  lake  currents, 
1327 

Trabacchi,  G.  C,  &  O.  M.  Corbino,  in- 
duction coils,  606 

V.  Traubenberg,  R.,  596 

Tristan,  J.  F.,  S  G.  Michaud,  infra-red 
filter,  422 

Troland,  L.  T.,  brightness,  1124; 
flicker,  880;  vision,  1033 

Troost,  474 

Trumbull,  H.  L.,  molecular  weights, 
402 

Tryhorn,  F.  G.,  &  E.  C.  C.  Baly,  light 
absorption,  782 

Tschischewski,  N.,  nitrogen  in  steel, 

258 

Tuchugoff,  883 

Tucker,  W.  S.,  dilution  heats,  134 

Tugman,  O.,  dry  plates,  59;  micro- 
photometers,  58 

Turner,  H.  H.,  867 ;  astrographic  mag- 
nitudes, 311 

Turner,  T.,  485 

Tveten,  A.,  crystals  in  magnetic  field, 
1080 

Tyndall,  427,  739,  1090,  11 19 


Ubbelohde,  L.,  &  O.  Dommer,  Bunsen 
flame.  455,  575 

Uhler,  H.  S.,  spectra,  64 

Uhler,  H.  S.,  &  P.  E.  Browning,  Garin 
alloy,  732 

Uhler,  H.  S.,  &  R.  A.  Patterson,  third 
cyanogen  band,  305 

UUer,  K.,  Brewster's  law,  555 ;  electro- 
dynamics, 459 ;  electromagnetics, 
592 ;  reflection,  553  ;  vibrations,  854 ; 
waves  in  gases,  1102 

Unthank,  H.  W.,  star  parallax,  872 

Digitized  by  VjOOQIC 


NAME  INDEX. 


551 


Vallot,  J.,  diathermancy,  791 
Van  Rhijn,  P.  J.,  star  colour,  541 
Vegard,    h,,   crystal   analysis,    1041  ; 

crystal  structure,  155 
Veillon,  922 
Veit,  940 
Venant,  St.,  852 
Venturi,  645 

Vercelli,  F.,  barogram  analysis,  5 
Verneuil,  199 

Verschaffel,  A.,  divided  circles,  964 
Verscha£Eelt,  J.  E.,  viscosity,  151,  152, 

Verschaffelt,  J.  E.,  &  C.  Nicaise,  lique- 
fied gases,  1 165 

Very,  F.  W.,  atmospheric  transparency, 
1203 ;  terrestrial  radiation,  864 

Villari,  no 

de  Villemontee,  G.  G.,  dielectrics,  815 

Vinal,  G.  W.,  &  W.  M.  Bovard,  Ag 
voltameter,  503^ 

Vinal,  G.  W.,  &  E.  B.  Rosa,  Ag  volta- 
meter, 1280 

Violle,  86,  1 122,  1343 

Vogel,  48^ 

Voigt,  W.,  271,  883,  969;  piezo- 
electncs,  238,  1374 

VollgrafiF,  J.  A.,  &  W.  P.  Jorrissen, 
kathode  rays  and  Bi,  730 

Volmer,  M.,  photochemical  sensitive- 
ness, 1239 

Volta,  604, 1072 

Voltz,  F.,  200 

Voute,  J.,  variable  star,  174 

van  der  Waals,  149,  284,  379,  521,  579, 

584,  794,  1257 
van  der  Waals,  J.  D.,  Jr.,  &  [Miss]  A. 

Snethlage,  Brownian  movement,  985 
Wadsworth,  59 
Wadsworth,  C,  &  T.  W.  Richards, 

radio-lead,  569,  1250 
Waehlert,  M.,  Ni-Co  alloys,  626 
Wagner,  1245 
Wagner,  E.,  76 ;  X-ray  wave-lengths, 

1040 
Wagner,  K.  W.,  1067  ;  h.f.  resistances, 

140B 
Wagner,  M.  B.,  579 
Waidner,  C.  W.,  899,  1343 
Walden,  521 
Walker,  G.  W.,  portable  variometer. 

Waller,  [Miss]  M.  D.,  &  W.  G.  Duf- 

field,  arc,  365 
Walmsley,  H.  P.,  448 
Waltenberg,  R.  G.,  &  G.  K.  Burgess, 

emissivity,  86;  volatilisation  of  Pt, 

1207 
Warburg,  E.,  271,  493,  500,  945,  1260; 

thermometer  testing,  452 
Warburg,  E.,  &  C.  MiUler,  radiation 

constant,  213 


Ware,  L.  W.,  &  C.  E.  St.  John,  spec^ 

trometry,  1243  / 

V.  Wartenburg,  iioi 
Washburn,   E.    W.,  &    J.  W.    Read, 

solubility,  627 
Watson,  C.  J.,  &  G.  E.  Bairsto,  plate 

condensers,  601 
Watson,  F.  R.,  acoustics,  227  ;  sound 

absorption,  354 
Watson,  F.   R.,  &  W.  A.  Shevi^hart, 

wave  motion,  514 
Watson,  F.  R.,  &  J.  M.  White,  acoustics; 

1263 
Watson,  W.,  &  W.   de    W.  Abneyi 

colour  vision,  180 
Weatherburn,  C.  E.,  elasticity,  968      ' 
Weber,  208,  485,  721 
Weber,  S.,  &  H.  K.  Onnes,  vapour 

pressure,  91 
Webster,  D.  L.,  heat  radiation,  1050-; 

X-rays,  1046 
Wedekind,  734,  940, 1299 
Wehnelt,  588,  1393 
Weibcl,  E.,  F.  Wenner,  &  F.  B.  SUsbc< 

inductance  measurement,  237 
V.  Weimarn,  P.  P.,  723  ;  natural  systeni 

of  elements,  480 
Weinstein,  M.  B.,  radiation  theory,  704  i 

viscosity,  1359,  1360 
Weintraub,  F.,  fibrox,  887B 
Weiss,   154,  240,  305,  378,  379,  721 

1 148,  1287, 1288 
Weissenberger,  A.,  thermoelectrics,  816 
Weissenberger,  G.,  &  M.  Bamberger, 

radio-activity,  449 
Weit,  734 

Weld,  Le  R,  D.,  solution,  956 
Welo,  L.  A.,  &  C.  T.  Knipp,  magneto^ 

meter,  1393 
Wendell,  1217 
Wendt,  G.,  196,  437 
Wendt,  G.  L.,  radio-activity,  690 
Wenner,     F.,     E.    Weibel.  &    F.   B. 

Silsbee,    inductance    measuremen 
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Wenner,  P.,  galvanometers,  931 
Wereide,  T.,  entropy,  587  ;  matter  and 

ether,  908;  quantum  theory,  6435 

thermodynamics,  585 
Werner,  A.,  resistivi^,  1388 
Wertenstein,  L.,  recoil  atoms,  203 
Wertenstein,  L.,  &  J.  Danysz,  radios 

activity,  204 
West,  392 

West,  G.  D.,  light-pressure,  1120  ...  / 
Weston,  409,  410, 960 
Westphal,  W.  H.,  1259 
Weyher,  C,  1192 
Whiddington,  248,  1046 
White,  F.  P.,  sound,  1364 
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sun's  luminosity,  1207 
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Wicksell,  S.  D.,   eclipsing   variables, 

768 
Widmanstalten,  276 
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series,  888 
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Wolf-Rayet,  06^,  1016,  1020 
Wolf er,  758 
WolfiE,  E.,  1 174 
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Wood,    R.    W.,    &     R.    Fortrat,   Na 
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SECTION  A.— PHYSICS. 


To  facilitate  reference  to  any  desired  subject,  the  Index  is  divided  into  tbe  following  sectiont 
arranged  alphabet! caUy.  If  any  of  these  are  absent  this  may  be  taken  as  an  indication  that  no 
Abrtracts  dealing  with  those  particular  subjects  have  been  included  in  this  volume. 

Where  phenomena  such  as  the  Hall-efFcct,  Thomson-efiFect,  Zeeman-eflfect,  etc.,  are  mentioned 
in  an  Abs&act  but  not  in  the  Title,  the  reference  will  be  found  in  the  Name  Index. 

The  numbers  refer  to  Abstracts  ;  if  the  letter  B  follows  a  number  the  Abstract  will  be  found  in 
Section  B  under  that  number. 

/»  General  Physics: — Apparatus  and  Instruments  (physical,  excluding  electrical,  descriptive); 
Astronomy  ;  Diffusion  ;  Dynamics ;  Elasticity ;  Gravity ;  Measurements  and  Use  of 
Instruments  ;  Meteorology,  &c. ;  Miscellaneous;  Molecular  Physics,  Matter  and  Ether ; 
Pressures  (high  and  low) ;  Surface  Tension  ;  Terrestrial  Physics  ;  Theories  ;  Viscosity. 

In  Light : — Absorption  ;  Dispersion  ;  Interference  ;  Measurements  and  Use  of  Instruments ; 
Miscellaneous  ;  Phosphorescence  and  Fluorescence  ;  Photography  ;  Photometry ; 
Polarisation ;  Radio-activity ;  Rays  and  Radiation  ;  Reflection  of  Light ;  Refraction 
of  Light ;  Spectra ;  Vision  ;  Zeeman-Efifect  and  Radiation  in  a  Magnetic  Field. 

In  Heat : — Absorption  ;  Conductivity  ;  Critical  Points  and  Constants  ;  Dilatation  ;  Freezing-, 
Melting-,  and  Boiling- Points ;  Gases  and  Vapours  ;  Measurements  and  Use  of  Instru- 
ments ;  Miscellaneous ;  Specific  Heat  and  Latent  Heat  ;  Temperature ;  Temperatures 
(high  and  low) ;  Thermodynamics ;  Thermometry,  Pyrometry,  and  Calorimetry  ;  Vapour 
Pressure. 

lu  Sound : — AU  Abstracts  referring  to  this  subject  have  been  indexed  under  Sound, 

In  Eleciricity  and  Magiutism  : — Absorption  ;  Alternate-Current  Research  ;  Apparatus  and 
Instruments  (descriptive) ;  Capacity  (electrostatic) ;  Conductivity  and  Resistivity ; 
Dielectrics ;  Discharge  in  Gases  and  in  Vacuo ;  Electromagnetic  Theory ;  Inductance 
(self  and  mutual) ;  Magnetism ;  Measurements  and  Use  of  Instruments ;  Electro- 
Physiology  and  Radiography ;  Miscellaneous ;  Oscillations  and  Waves  ;  Polarisation 
(electric  waves)  j  Polarisation  (electrol3rtic) ;  Static  and  Atmospheric  Electricity ; 
Terrestrial    Magnetism  and  Electricity ;   Thermo-Electricity  and  Thermo-Magnetism. 

In  Chemical  Physics  :— Absorption  ;  Allovs ;  Batteries  (primary) ;  Batteries  (secondary) ;  Chemical 
Equilibrium  ;  Dissociation  ancl  lonisation ;  Electric  Furnace  Processes ;  Electrolysis ; 
Electrolytic  Analysis ;  Metallography  and  Properties  of  Metals ;  Miscellaneous ; 
Osmosis';  Solution  and  Solubility. 


Abstract  Nos. 

Absorption  (Chemical  Physics). 

Gibbs'  Absorption  Formula,  Simple  Method  of    deriving.    F.  J. 

Harlow  and  R.  S.  Willows 407 

„        Adsorption  Coefficient.    A.W.Porter 406 

Mechanism  of   Adsorption    and    Condensation    of    Molecules.    I. 

Langmuir   iioi 

Palladium  and  Hydrogen.    II.    A.  Sieverts 474 

Uranium  X„  Influence  of  Foreign  Substances  on  Sorption  of,  by 

Charcoal.    H.  Freundlich  and  H.  Kaempfer 1164 

Absorption  (Light  and  Heat). 

Filter,  Quantitative  Light,  for  Ultra-violet.    N.  P.  Peskov 423 

Filtering  Screen,  Infra-red,  from  8000  A.U.    G.  Michaud  and  J.  F. 

Tristan 422 

Glasses,  Effect  of  Temperature  upon  Absorption  of.    K.  S.  Gibson...    552 

Opacity  of  diffusing  Media.    O.  Bloch  and  F.  F.  Renwick    428 

Radiation  of  Heat  and  Light,  sec  section  Rays. 

Rontgen  Rays,  Absorption  of,  see  section  Rays  and  Radiation. 
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Absorption  (Light  and  Heat),  continued. 

Screens,    Variable    Neutral   Tint   Absorbing,    Theory   of.     E.    F. 

Kingsbury  667 

Spectra,  Absorption,  see  separate  section. 

Telescopes,  Light  Transmission  through.    F.  KoUmorgcn    771 

Alloys,  see  also  section  Metallography. 

Acid-resisting  Alloy  to  replace  Platinum  in  Construction  of  Bomb 

Calorimeter.    S.  W.  Parr   260 

Amalgams,  Alkali-metal,  Relative  Densities  of,  and  of    Mercury. 

J.  R.  Withrow  949 

„  Changes  of  Volume  of.    IlL    1.  Wurschmidt    382 

„  Thallium,  Vapour  Pressure  oC    J.  H.  Hildebrand  and 

E.  D.  Eastman  122 

Antimony-Tellurium  System,   Metallographic  Investigation  of.    Y. 

Kimata 386 

Cerium,  Alloys  of.    L    Copper-Cerium  Allocs.    F.  Hanaman 1170 

Electrolysis  of  Allo3rs,  see  section  Electrolysis. 

Gallium-Indium  Alloy.    P.  E.  Browning  and  H.  S.  Uhler 732 

Gold  and  Copper,  Alloys  of.    N.  Kurnakov,  S.  Shemtschushni,  and 

M.  Zasedatelev  483 

„     -Cadmium  Alloys.    P.I.  Saldau 484 

Iron  and  Steel,  see  section  Metallography. 

„   and  Molybdenum,  Addendum  on  Alloys  of.    R.  A.  Hadfield  ...    400 
Manganese  and  Bismuth,  Alloys  of.    N.  Parravano  and  U.  Perret  ...    734 
Magnetic  Properties  of  Alloys,  see  section  Magnetism. 
Manganese- Bismuth  Alloys.    E.  Bekier 1299 

„       -Nickel  Alloys.    A.  D.  Dourdine  123 

Metallography,  see  separate  section. 

Platinum-Osmium  Alloys    118 

Selenium,  Compounds  of,  with  Silver.    G.  Pellini    733 

Tellurium-Selenium    System,  Metallographic  Investigation  of.    Y. 

Kimata 385 

„         ,  Alloys  of,  with  Lead.    M.  Kimura  384 

Thallium-Selenium    System,    Metallographic    Research    on.       T. 

Murakami  116 

Alternate-Current  Research. 

Arc,  Electric,  see  also  section  Discharge. 

Damped  Oscillations,  Mode  of  Studying,  by  Aid  of  Shrinking  Vectors. 

D.  Robertson « loi 

Impulse  Currents,  Theory  of.    C.  P.  Steinmetz 213B 

Magnetic  Amplifier  for  Radio-telephony.    E.  F.  W.  Alexanderson 

and  S.  P.  Nixdorff 322B 

Measurements,  see  separate  section. 

Negative  Resistance.    A.  W.  Hull    463 

Non-uniform  Distribution  of  Alternating  Currents  in  Iron  Conduc- 
tors.   L.  Lombardi  109 

Oscillograms,    Amplitude   and    Phase    of    Higher    Harmonics  in. 

G.  W.  O.  Howe 42B 

Phase-difference  of  Condensers,  Resonance  Method  for  Measuring. 

H.  L.  Dodge  1285 

„     -difference  of  Sine  Currents.    G.  Lignana 108 

Resistance  and  Reactance  of  Massed  Rectangular  Conductors.    A. 

Press   1391 

„  ,  A.C.,  of  Short  Coils  wound  with  Sbranded  Wire.    W. 

Rogowski    143B 

Resistances,    Precision-,    for    High-frequency   Currents.      K.   W. 

Wagner  140B 

Skin-effect  Problems.    G.  W.  O.  Howe 349B 

Tesla  Coils,  Most  Effective  Primary  Capacity  for.    W.  M.  Jones 23^ 

Transformer,  Dynamic,  for  Alternating  Currents.    A.  G.  Rossi    1158 

Vreeland    Oscillator   for  A.C.    Measurements.       A.    Toblcr    and 

K.  Schild 948B 

For  the  Explanation  of  this  Index  see  p.  555. 
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Apparatus  and  Instruments  (Electrical,  Descriptive). 

Constant-high-potential  Apparatus  to  be  Installed  in  University  of 

Tokyo.    K.  Fuji  and  S.  Nishikawa  1156 

Electrometer,  Highly  Sensitive.    A.  L.  Parson 107 

„  ,  Vibration.     H.  L.  Curtis  105 

Furnace,  Electric,  for  Continuous  Action  of  Gaede  Diffusion  Pump. 

E.  Riichardt  935 

„      ,    Electrically-heated   Homb.     D.  F.  Calhane  and  H.  A. 

Lavene    ^87 

Lamp,  Arc,  Enclosed  Cadmium- vapour.     H.  }.  S.  Sand 607 

Magnometer,  Sensitive.    P.  E.  Shaw  and  C.  Hayes 1293 

Magnetometer,  Wehnelt  Kathode-ray  Tube.    C.  T.  Knipp  and  L.  A. 

Welo .'. 1393 

Oscillograph,  Lecture-room.     H.  G.  Crane  and  C.  L.  Dawes    609 

Pcrmeameter  for  Straight  Bars.    R.  Beattie 283B 

Photoelectric  Cells.  Sensitive.    J.  Kunz  and  J.  Stebbins 465 

Piano  with  Electrically-sustained  Notes 1142 

Resistance,  High,  New  Form  of.    J.  J.  Dowling  608 

Switch,  Universal,  for  Thermo-element  Work.    W.  P.  White 610 

Thermal  Instruments,  Simple,  for  Current  Measurement.    W.  H. 

Eccles  and  A.  J.  Makower 706 

Ther mo-elements,  Protected.    A.W.Gray    1155 

Thermometers,  see  also  section  Thermometry. 

Tube  for  Rontgen  Rays,  Lilienfeld.     F.  J.  Koch 944 

Variometer,  Portable,  for  Magnetic  Surveying.    G.  W.  Walker  615 

X-ray  Apparatus  to  give  Best  Form  of  Discharge.    B.  Winawer 248 

„     Tube,  New,  for  Spectroscopic  Work.    M.  Siegbahn 376 

Apparatus  and  Instruments  (Physical,  excluding  Electrical,  Descrip- 
tive). 

Achromatoscope.    S.  R  Williams    316 

Artificial  Eye,  Precision.     H.  E.  Ives aj 

Balance,  Density,  Direct-reading.    C.  Cheneveau 902 

„      ,  Vacuum,  Electromagnetic.    J.S.Anderson  2 

Calorimeter,  Aneroid.    H.  C.  Dickinson  and  N.  S.  Osborne 81 

Camera,  Revolving  Cloud.    O.  L.  Fassig  49 

Chronophotograph  for  Measuring  Ultramicroscopic  Particles.    G. 

Rebiere  549 

Chronoscope,  Artillery   \ 744 

Cold  Light.    Dussaud 1123 

Counter,  Electric,  for  Rating  Pendulum.    F.  W.  Ellis  500 

Densitameter.    G.  A.  Shakespear 849 

Elliptic  Integrals,  Apparatus  for  Evaluating.    A.  F.  Ravenshear 144 

Equation  A=s  B.C.,  Graphical  Solution  of.     F.  E.  Wright 145 

Equatorial  Telescope,  Oil  Drive  for.    S.Bolton    1204 

G3rro-telescope.    C.  Dienstbach    48 

Harmonic  Analyser  and  Polar  Oscillograph  412 

„  „        ,  Henrici.    D.C.Miller   1182 

„         Analysis  and  Synthesis  of  Periodic  Curves.    E.  Liibcke  ...     143 

„         Syntnesiser.    D.  C.  Miller  267 

High-pressure  Installation,  Semi-automatic.    Berkeley  and  C.  V. 

Burton    1186 

Microbalance,  New.    E.  H.  Riesenfeld  and  H.  F.  Moller  1181 

Model  representing  Gas  Molecules.    E.  F.  Northrup 268 

Nephelometer,  New  Form  of.     J.  W.  T.  Marshall  and  H.  W.  Banks    189 

Periscope,  Parodi's  666 

Photometer,  Improved  Cadmium,  for  U.V.  Light.    J.  Elster  and  H. 

Geitel  177 

Press  for  Studying  Melting  and  Transition  Points.    E.  Janecke  1135 

Pump,  High  Vacuum  Mercury-vapour.    I.  Langmuir 963 

„    ,  Mercury-vapour.    H.B.Williams  1180 

Pyranometer  for  Measiu-ing  Sky  Radiation.    C.  G.  Abbot  and  L.  B. 

Aldrich    1322 

For  the  Explanation  of  this  Index  see  p.  555. 
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Apparatus  and  Instruments  (Physical,  excluding  Electrical,  £>escrip- 
tive),  continued. 

Pyrometer,  Morse  Optical,  for  Laboratory.    W.  E.  Forsythe   896 

Pyrometers,  Optical,  see  also  section  Thermometry. 

Refractomcter,  Lens.    H.  F.  Dawes 46 

Shutter,  Double  Occulting,  for  Stellar  Photographs.    O.  J.  Lee  1210 

„       -testing  Instrument,  Precision,    P.  G.  Nutting 1024 

Sound  Recorder  with  Small  Soap  Film.'    S.  Garten 225 

Spectrometer,  Mica  X-ray.    W.  S.  Gorton 684 

„  ,  Recording  X-ray.    A.  H.  Compton   1043 

Stereoscopic  Apparatus  for  examining  Radiographs.    E.  Colardeau 

and  J.  Ricliard  429 

„  Astronomical  Photography,  Apparatus  for.    J.  C.  Sola...    548 

Surface  Tension,  Apparatus  for  Determination  of.    W.  D.  Harkins 

and  F.  E.  Brown  420 

Tank,  Experimental,  reproducing  Wave  Motion.    G.  Russo 1106 

Thermo-balance.    K.  Honda i 

Thermometers,  see  section  Thermometry. 

Tonoscope.    C.  E.  Seashore 706 

Vacuum-spectrograph  for  Spectra  Investigations.    M.  Siegbahn  and 

E.  Friman  770 

Young's  Modulus  by  Sonometer.    A.  Guillet 4 

Astronomy. 

Aberration,  Constant  of .    G.  Boccardi    25 

Aqueous  Vapour,  Transparency  of.     F.  E.  Fowle    289 

0  Aquilae  and  <r  Scorpii,  Photometry  of.    J.  Stebbins  650 

y  Argus,  Spectrum  of,    W.  M.  Worssell 765 

Astrophotometry  with  Photoelectric  Cell.    P.  Guthnick 26 

X  Aurigae,  Spectroscopic  Binary.    R,  K.  Young    1334 

TT  Aurigae,  Eclipsing  Binary.    C.  Martin  and  H.  C.  Plummer    664 

Aurora  Borealis  Observations  at  Bosskop.    C.  Stormer 315,  11 15 

Binaries,  Spectroscopic,  Corrections  for  Velocities  of.  F.  Schlesinger    665 
„       ,  „  ,  of  Class  M,  Distribution  of.    C.  D.  Perrine...      40 

Binary  B.A.C.  5890,  Spectroscopic,  Orbit  of.    F.  H.  Parker 39 

„       B.D.  78°  412,  Spectroscopic,  Orbit  of.    O.  J.  Lee  1019 

„       Orbits,  Spectroscopic,  Computing.    G.  F.  Paddock  41 

R.  S.  Camelopardalis,  Irregular  Variable.    C.  Martin  and   H.  C. 

Plummer » 11 12 

RZ  Cassiopeiae,  Light-curve  of.    E.  Paci    43 

V  Cassiopeiae,  Observations  of .    A.  N.  Brown 1113 

S  Cephei,  Colour  Index  of.    H.  S.  Leavitt , 45 

U  Cephei,  Period  of.    M.  B.  Shapley  1217 

Cluster,  Ursa-Major  Moving,  Orbit  of.    L.  Courvoisier 1018 

Comet  1915a  (Mellish).    P.  J.  Melotte 290 

„      1915a  (Mellish),  Nuclei  of.     H.  E.  Wood 298 

„      1915^  (Taylor).    A.  Berberich  538 

„      19166  (Wolf),  1916  ZK  (Minor  Planet).    Palisa,  Berberich    ...    870 

„     or  Nebulous  Minor  Planet.    M.  Wolf 869 

„     Taylor  (i9i5e),  Elements  and  Ephemeris  of.     H.  M.  Jeffers 

and  F.J.  Neubauer  1015 

„     Taylor  (1915^),  Motion  of  Nuclei  of.    H.  Taylor 1014 

„     Wolf  (19166),  Elements  and  Ephemeris  of.    R.  T.  Crawford 

and  D.  Alter  1016 

Comets  1913/  (Delavan)  and  19146  (Zlatinsky),  Spectra  of.    N.  v. 

Konkoly  539 

Contiguous  Spectrum  Lines,  Mutual  Repulsion  of.    J.  Larmor 304 

Corona  Spectrum,  Series  in.    P.  Carrasco 27 

R  Coronse  Borealis,  Light-changes  of.    E.  C.  Pickering    42 

„  „       ,  Radial  Velocity  of .     H.  Ludendorff    300 

Coronium  Atom,  Nature  of .    J.W.Nicholson  760 

Cyanogen    Band,  Third,  Structure  of.      H.  S,  Uhler  and  R.  A. 

Patterson    305 
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a  Cygni,  Photoelectric  Photometry  of.    P.  Guthnickand  R.Prager...    303 

Dark  Markings  on  Sky.    E.  E.  Barnard 547 

DifFerentiai   Equations,  Certain  Linear,  of  Astronomical  Interest 

H.  F.  Baker   , 157 

Distances  of  the  Heavenly  Bodies.    W.  S.  Eichelberger    784 

SX  Draconis,  Eclipsing  Variable,  Elements  of.    W.  van  B.  Roberts...      37 

Fraunhofer  Lines  and  Anomalous  Dispersion.    W.  H.  Julius  530 

Galaxy,  Structure  of.    C.  V.  L.  Charlier ,  1023 

Iron  Arc  Lines  near  Strong  Calcium  Lines.    E.  G.  Bilham  306 

Jupiter  and  Saturn,  Monochromatic  Photographs  of.    R.  W.  Wood  1012 

„     ,  Observations  of.    F.  Sargent  762 

„     ,  Surface  Currents  of,  during  1915-1916.    S.  Bolton  iiii 

Jupiter's  Satellites,  Longitudes  of.    W.  de  Sitter 868 

„  „       ,  Orbital  Planes  of .    W.  de  Sitter   ...'. 293 

fi  Lyrae,  Photometric  Study  of.    J.  Stebbins 649 

RR  Lyrae,  Changes  in  Spectrum  and  Period  of.    H.  Shapley  767 

Magnitude  Scales,  Astrographic.     H.  H.  Turner 311 

Mars,  Objective  Changes  on  Surface  of.    E.  M.  Antoniadi  • 761 

„   ,  Observations. of,  at  Flagstaff.    G.  Hall-Hamilton 1013 

„   ,  Photographic  Measurement  of  Canals  of.    G.  H.  Hamilton   ...  1215 

„   ,  Melting  of  Polar  Caps  of.     E.  M.  Antoniadi  1213 

Mira  Ceti,  Maxima  of,  in  1915.     F.de  Roy , 1220 

Moon,  Albedo  of.    J.  Evershed i 30 

„    ,  Meteorology  of.    W.H.Pickering 1214 

Nebula,  Andromeda,  Radial  Velocity  of 32 

„     ,  Variable,  in  Corona  Australis.     ].  H.  Reynolds,  H.  Knox 

Shaw    1216 

„       in  Corona  Australis,  and  New  Variable  Star.    R.  T.  A.  Innes    542 

„       N.G.C.  6729,  Variable.    H.Knox  Shaw 308 

„     ,  Orion,  Stereoscopic  Observations  of.    J,  C.  Sola  655 

Nebulae,  Cluster  of,  in  Cetus.    M.  Wolf 656 

Nebulae,  Planetary,  Rotation  of.    W.  W.  Campbell  and  J.  H.  Moore    652 
Nebular  Lines,  Green,  Wave-lengths  of.    W.  W.  Campbell  and 

J.  H.  Moore    653 

„       Lines,  Green,  Wave-lengths  of.    W.  H.  Wright 654 

Nova  Geminorum  No.  2,  Spectrum  of.    W.S.  Adams  and  Pease 1020 

RV  Ophiuchi,  Eclipsing  Variable,  Photometry  of.    R.  S.  Dugan 661 

Orbits,  Planetary  and  Cometary,  Determination  of.    A.  J6nsson 537 

VV  Orionis,  Orbit  of.    Z.  Daniel §46 

Periodicities,  New  Method  of  Discovering.    J.  I.  Craig 867 

RT  Pcrsei,  Eclipsing  Variable,  Inequalities  in  Period  of.    R.  S. 

Dugan 38 

UV  Persei,  Variability  of.    E.  Hartwig,  A.  A.  Nijland    176 

Photometry,  Thermoelectric  Photographic.     H.  T.  Stetson    ...  loio,  loii 

Planet,  Trans-Neptunian,  Search  for.    P.Lowell 534 

Planets  and  their  Satellites,  Albedo  of,    H.  N.  Russell  763 

„     ,  Minor,  Elements  of.    H.  C.  Plummer 659 

„     ,      „    ,  Identification  of.    L.  Picart 31 

Polaris,  System  of.    L.  Courvisier    1222 

Proper    Motions,    Measurement    of,    with    Blink-microscope.     R. 

Innes 35,  1225 

Radial-velocity  Determinations  with  Objective  Prism.    M.  Hamy  ..".     172 
Rotation  of  Celestial  Bodies,  and  Radiation  Pressure.  T.  Bialobjeski  1224 

Saturn's  Rings,  Cause  of  Division  of.    P.  Lowell 294 

Selenium  Stellar  Photometry.    J.  Stebbins 871 

Solar  Activity,  and  Planetary  Phenomena.    T.  Kohl  297 

„      ,  Planetary  Influence  on.    V.  Kostitzin  1205 

Atmosphere,  Luminescence  and  Absorption  in.    A.  Perot 292 

Corona,  Nature  of.    T.  W.  Nicholson    1005 

Corpuscular  Rays.    K.  Birkeland  531 

Faculae,  Variations  of .     H.  Arctowski 28 
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Solar  Motion,  Determination  of,  from  Radial  Velocities.  C.  D.  Perrine  1007 

„         „     ,  Plane  of.    S.  Oppenheim 535 

„    Phenomena,  Influence  of  Fresnel-coefiicient  on.    P.  Zeeman...    295 

„    Prominences,  Large.    J.  Evershed    » 1206 

„    Radiation  and  Terrestnal  Magnetism.    L.  A.  Bauer 380 

„  „       ,  Chemical  Origin  of .    Briner , 1008 

„  „        Measurements  at  Santa  Fe.    H.  H.  Kimball 527 

„  „       ,  Variation  of.    C.  G.  Abbot,  F.  E.  Fowle  and  L.  B. 

Aldrich    •• 1329 

„    Rotation  in  191 1.    J,  B.  Hubrecht 291 

„  „       Measures,  E£Fect  of  Haze  on.    R.  E.  DeLury    1330 

„  „      ,  Spectroscopic  Determination  of.    J.  S.  Plaskett    290 

„  >,      ,  Variation  in.     H.  H.  Plaskett 657 

„    Spectrum  Lines,  Shifts  of,  from  Centre  to  Limb.    J,  Evershed 

and  T.  Royds 1004 

„    Spectrum,  Hydrocarbon  Origin  of  G  Band  in.    H.  F.  Newall, 

F.  E.  Baxandall,  and  C.  P.  Butler 1211 

„    Vortices,  Study  of.    C.  Stormer looi 

Spectrographic  Measurements,  Refinements  in.    H.  H.  Plaskett 1009 

Spectroneliograms,  Stereoscopic.    G.  E.  Hale 1022 

Star  Cluster,  Kinetic  Energy  of.    A.  S.  Eddington 1021 

„    Clusters,  Law  of  Distribution  of.    J.H.Jeans  1116 

„    Colour,  Change  of,  with  Distance.    P.  J.  Van  Rhijn    541 

„    -streaming,  Theory  of.    J.H.Jeans 314,1117 

„    ,  Double,  Krueger  60,  Observations  of.    E.  E.  Barnard  ••• 1114 

„    ,  Faint,  with  Large  Proper  Motion.    *R  Inues  34 

„    ,     „    ,    »        „  „  n     .    E.  E.  Barnard 1221 

„    ,  New  Variable,  in  Orion.    J.  Voute 174 

Stars  near  Mil,  Supposed  Large  Proper  Motions  of.    E.  E.  Barnard      44 
„    of  various  Spectral  Types,  Mean  Distances  and  Luminosities 

of.    C.  V.  L.  Charlier 543 

„    ,  B,  Distribution  of.    C.  V.  L.  Charlier  H15,  1333 

„    ,  B-type,  Silicon  Lines  in  Spectra  of.    A.  Fowler  540 

„    ,  Binary,  Translational  Motion  of.    C.  Luplau-Janssen 651 

„    ,  Bright,  of  Type  F,  Motions  of.    H.  C.  Plummer 310 

„    ,  Colours  of,  in  Clusters  N.G.C.  1647  and  M.  67.    F.  H.  Seares    309 
„    ,  Continuous  Spectrum  of,  and  Absolute  Magnitude.    G.  S. 

Monk  1218 

„    ,  Distribution  of,  in  Globular  Clusters.    H.  C.  Plummer  312 

„    ,  „  ,  „  »       .    A.  S.  Eddington 1223 

„    ,  „  ,  in  Space.    R.  J,  Pocock 766 

„    ,  Faint,  Catalogue  of  Spectra  of  354.    J.  N.  Lockyer 307 

„    ,     „    ,  with  Large  Proper  Motions.    F.  A.  Bellamy 313 

„    ,     „    ,         „  „  „        ,  Number  of.   F.  A.  Bellamy 

and  J.  D.  McNeile    873 

„    ,  Faint,  with  Large  Proper  Motions.    R  J.  Pocock  1336 

„    ,  Helium,  Motions  of.    S.  Oppenheim  173 

„    ,  K-type,  Systematic  Motions  of.    S,  C.  Meijering 1219 

„    ,  Mean  Distances  of.    F.W.Dyson  1335 

„    ,  Mean  Parallax  of,  for  Different  Magnitudes.    H.  W.  Unthank    872 
„    ,  Motions  of,  and  Processional  Constant.    E.  F.  van  de  Sande 

Bakhuysen  and  C.  de  Jong 301 

„    ,  Photographic  Catalogue,  Calculation  of  Coordinates  of.    B. 

Baillaud  and  Pourteau 769 

„    ,  Variable,  Observations  of.    C.  Hoffmeister,  G.  Hornig  544 

„    ,  Visual  Binary,  Masses  of.    R.  T.  A.  Innes 1332 

„    ,  Wolf-Rayet,  Spectra  of .    M.  Wolf    302 

Statistical  Mechanics.    C.  V.  L.  Charlier    753 

Stellar  Classification.    J.  N.  Lockyer  171 

„      Photometry  and  Radiation  Law.    C.  V.  L.  Charlier   545 

„      Radial  Velocities  and  Sokir  Motion.    C.  D.  Perrine   33 
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Stellar  Spectra,  Variable,  of  Cepheid  Type.     H.  Shapley  1017 

„      System,  Dynamics  of .    A.  S.  Eddington    170 

Sun  and  Stars,  Relative  Luminosities  of.    C.  T.  Whitmell 1207 

„  ,  Anomalous  Dispersion  in.    S.  Albrecht 1006,  1209 

,f  p         n  »  .    J.  Evershed    296,  1331 

„  ,  Moon,  and  Planets,  Stellar  Magnitudes  of.    H.  N.  Russell  600 

„  ,  Temperature  and  Radiation  of.    F.  Biscoe  757 

„  ,  „  of.    C.  G.  Abbot,  F.  E,  Fowle,  and  L.  B.  Aldrich  1212 

Sun's  Atmosphere,  Convection  in  Upper  Regions  of.    F.  Henrotean    168 

Sun-spot  Latitudes,  Influence  of  Venus  on.     H.  Arctowski  1208 

Sun-spots  and  Faculse,  Variations  of.     H.  Arctowski 29 

„        and  Terrestrial  Magnetic  Disturbances.    A.  L.  Cortie 246 

„       ,  Formation  of .    F.  Henroteau 658 

„       ,  Terrestrial  Influence  on  Frequency  of.     H.  Arctowski  ...    758 

„       ,  Variation  of  Mean  Latitude  of.    H.  Arctowski 759 

X  Tauri,  Multiple  System  of.    F.  Schlesinger    662 

T  Tauri,  Irregular  Variable.    G.E.Hale   663 

Variable,  New  Algol,  in  Corona.    C.  Hoffmeister 175 

Variables,  Eclipsing,  Periods  of.    S.  D.  Wicksell 768 

„       ,  Three  Eclipsing,  Orbital  Elements  of.    J.  Q.  Stewart 36 

Zodiacal  Light,  Photographv  of.    A.  E.  Douglass 424 

Batteries,  Primary. 

Binary  Solid  Alloys,  Factors  affecting  E.M.F.of.    D.  P.  Smith  and 

N.  T.  Gordon   633 

Boundary  Potential,  Activity  and  Concentration,  Transport  Numbers 

and.    A.  L.  Ferguson 1095 

Change  of  Potential  of  Metal  in  Different  Electrolytes.      P.  F. 

Hammond 845 

Contact  Electricity  of  Solid  Dielectrics  towards  Conducting  Liquids. 

A.  Coehn  and  J.  Franken    595 

„       E.M.F.   and    Einstein's    Photoelectric    Equation.      R.    A. 

Millikan  375 

„       Potential,  Temperature  Coefficient  of.    K.  T.  Compton 605 

M  „       ,  „  M  .    F.  Sanford 1151 

Daniell  Cell,  E.M.F.  and  Change  of  Inner  State  of.    Z.  Samesima  ...    634 
Decomposition  Potentials  of  Fused  Alkali  Haloids  and  Alkaline-earth 

Chlorides.    B.  Neumann  and  E.  Bergve 1311 

Decomposition  Potentials  of  Fused  Alkah  Hydroxides.    B.  Neumann 

and  E.  Bergve  1310 

Electrode  Potentials,  Electrostatic  Measurements  of.    G.  Borelius  1178 
Electromotive  Equilibria  :  Application  of  Theory  of  Allot  ropy.    A. 

Smits  and  A.  H.  W.  Aten   958 

Electromotive  Forces.    W.  D.  Bancroft 742 

Hydrogen  and  Calomel  Electrodes,  Potentials  of.    N.  E.  Loomis  ...    263 
„  Electrode,  Calomel  Electrode,  and    Contact  Potential. 

W.  F.  Clarke,  C.  N.  Myers,  and  S.  F.  Acree .' 957 

Hypochlorite-Carbon  Cell  and  Oxidation  Potential  of  Hypochlorites. 

K.  A.  Hofmann  and  K.  Ritter    631 

„  -Carbon  Cell :   New  Type  of  Galvanic  Element.    A. 

Thiel 632 

Lead  Electrode,  Study  of.    F.  H.  Getman 743 

Liquid  Junction  Potentials.    D.  A.  Maclnnes  261 

„       Potential-differences,  Theory  of.    I.    K.  H.  A.  Melander    ...    496 
Membrane    Potentials,    Relation    of   Osmose    of    Electrolytes   to. 

F.  E.  Bartell  and  C.  D.  Hocker    831,  832 

Polarisation,  see  also  section  Polarisation  (Electrolytic). 

P.D.'s  between  Solutions  and   Electrode  :    Influence  of  Metallic 

Ion.    F.  K.  Finney  262 

Potential-differences,  Single,  Ewell's  Method  of  Measuring.    S.  ]. 

_     Barnett  741 

Standard  Cell,  Calomel.    G.  F.  Lipscomb  and  G.  A.  Hulett 409 
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Standard  Cells,  Double  Salts  in.    G.  F.  Lipscomb  and  G.  A.  Hulett    410 

Sulphur,  Electrochemical  Potential  of.    L.  Rolla    126 

Volta-effect,  Study  of.    Two  New  Effects.    E.  Sarasin  and  T.  Tom- 

masina 604 

„    -effect,  Third,  Experimental  Confirmation  of  Given  Explana- 
tion.   E.  Sarasin  and  T.  Tommasina 1072 

Batteries,  Secondary. 

Accumulators,  Industrial  Electrical,  see  Section  B. 

Sulphate,  Lead,  Reduction  of.    G.  A.  Perley  and  C.  W.  Davis    344B 

Sulphated  Storap;c  Cells,  Regeneration  of.    G.  A.  Perley  and  C,  W. 

Davis 345B 

Capacity  (Electrostatic). 

Condensers,  Effect  of  Temperature  on  Capacity  of.    A.  Zeleny  371 

„         ,  Plate,  Edge  Effect  of.    C.  J.  Watson,  G.  E.  Bairsto 601 

Measurements,  see  separate  section. 

Spheres  and  Cylinders,  Approximate  Capacity  of.    Rayleigh   594 

Chemical  Equilibrium,  see  also  section  Thermodynamics. 

Argon-Nitrogen,  System,  Equilibrium  Liquid- Vapour  of.    G.  Hoist 

and  L.  Hamburger  217 

Equilibria  between  Metals,  see  sections  Alloys  and  Metallography, 
lonisation,  see  section  Dissociation. 
Conductivity  (Electric)  and  Resistivity. 

Conduction  of  Electric  Current  in  Ethyl  Ether.    J.  Fassbinder  ......    397 

„  of  Electricity  through  Metals.    J.  J.  Thomson  ,    360 

„         ,  Electrical,  in  Anistropic  Liquids.    T.  Svedberg  954 

„         ,  Flame,  Theory  of.    E.Marx 1375 

Conductivity  of  Atmosphere,  see  also  section  Static  Electricity. 

„  ,  Electrical,  of  Flames  containing  Salt  Vapours.    H.  A. 

Wilson 99 

„  ,  Photochemical,  and  Photochemical  Sensitiveness.    M. 

Volmer 1239 

Copper  Oxide,  Light-sensibility  of.    A.  H.  Pfund    234 

lonisation,  see  sections  Dissociation  and  lonisation,  and  Discharge, 

Electric. 
Manganin  Resistances,  Variation  of,  with  Atmospheric  Humidity. 

J.  Obata  •.    817 

Measurements,  see  separate  section. 

Resistance  and  Thermoelectric  Relations  in  Iron  Oxide.    C.  C, 

Bidwell 1 152 

„  of  Various  Sodium  Amalgams.    R.  C.  Rodgers  1390 

„          Standards,  Primary  Mercurial.    F.  A.  Wolff,  M.  P.  Shoe- 
maker, and  C.  A.  Briggs 370 

„        ,  Electrical,  of  Acetic  Acid.    J.  H.  L.  Johnstone  737 

„        ,  Specific,  of  Thin  Metal  Layers.    B.  Pogany 813 

Resistivities   and   Thermal  E.M.F.'s  of  Ca,  Al,  and  Mg.    E.  F. 

Northrup 11^7 

Resistivity  of  Molten  Metals.    E.  F.  Northrup  and  R.  G.  Sherwood  1389 

„        ,  Electrical,  of  Bismuth.    A.  Werner 1^88 

Selenium  Crystals,  Light-sensitiveness  of.    K.  J.  Dieterich   809 

„       ,  Effect  of  Temperature  on  Light-sensitiveness  of.    E.  O. 

Dieterich 1150 

Conductivity  (Thermal). 

Air,  Thermal  Conductivity  of.    E.  Marini  and  M.  Blache 695 

Cooling  of  Cylinders  in  Stream  of  Air.    J.  A.  Hughes 341 

Diathermancy  of  Liquids.    }.  Vallot  • 791 

Flow  of  Heat  in  Metal  Sheets,  Experiments  on.    S.  Skinner    696 

Gas,  Simple  Monatomic,  Thermal  Conduction  in.    S.  Chapman 794 

Gases,  Thermal  Conductivity  and  Viscosity  of.    J.  A.  Pollock ^40 

Heat  Losses  from  Incandescent  Filaments  in  Air.    L.  W.  Hartman    898 

Junction  of  Two  Solids,  Thermal  Resistance  at.    T.  Barratt 211 
leasurements,  see  separate  section. 
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Neon,  Thermal  Conductivity  of.    E.  Bannawitz 210 

Refractories,  Thermal  Conductivity  of.    B.  Dudley,  Jr 80 

Solids,  Study  of  Thermal  Conductivity  of.    A.  H.  Compton  572 

Tungsten  Filaments,  Heat  Conductivity  of.    I.  Langmuir    338 

Critical  Points  and  Constants. 

Measurements,  see  separate  section. 

Nitrogen,  Carbon,  Monoxide,  Oxygen,  Methane,  Critical  Points  of . 

E.  Cardoso 1255 

Transition  Phenomena,  Press  for  Studying.    E.  Janecke  1135 

„        -points  of  Nitrates  (Silver,  Ammonium,  Potassium).    E. 

Jslnecke  1173 

Dielectrics,  see  also  section  Capacity. 

Air  Films,  Thin,  Electrical  Conductivity  of.    E.  Branly 236 

Condenser  Losses  with  Solid  and  Liquid  Dielectrics.    F.  Tank  235 

Condensers,    Effect   of   Temperature   on   Absorbed    Charge   and 

Capacity  of.    A.  Zeleny 371 

Dilation,  Electric,  of  Solid  Insulators  normal  to  Electric  Field.    L. 

Bouchet 1281 

Electrical  Phenoipena  at  Surface  of  Separation  between  Solutions  and 

Insulators.    G.  Borelius  1397 

Liquid  Cell  bounded  by  Insulating  Walls,  Electric  Action  in.    L. 

Malcles 373 

Lowered  Dielectric  Strength  in  H.F.  Fields,  Cause   of.      W.  M.   • 

Thornton 1153 

Measurements,  see  separate  section. 

Mica,  Dielectric  Constant  of,  in  Intense  Fields.     H.  H.  Poole 1070 

ParafEn  Oil^  Propagation  of  Electricity  through.    G.  G.  de  Ville- 

montee T..    815 

Solid  Dielectrics,  Contact  Electricity  of,  towards  Non-conducting 

Liquids.    A.  Coehn  and  }.  Franken 595 

Specific  Inductive  Capacity  of  Certain  Metals.    F.  Sanford 915 

Two  Dielectrics,  Contact  of.    H3rpotheses  of  Faraday  and  Mossotti. 

P.  Duhem  718 

Diffusion. 

Potassium  Chloride,  Coefficient  of  Diffusion  of.    A.  Griffiths,  J.  M. 

Dickson,  and  C.  H.  Griffiths  395 

Recalculation  of  Work  on  Diffusion.    A.Griffiths  948 

Salt  dissolved  in  Water,  Coefficient  of  Diffusion  of.    A.  Griffiths 394 

Dilatation. 

Gold  and  Quartz,  Expansions  of,  to  520^  by  Fizeau's  Method.  A.  Miiller    57 1 

Solids,  Thermal  Expansions  of.    A.  Miiller  , 570 

Tungsten,  Thermal  Expansion  of,  at  Incandescent  Temperatures. 

A.  G.  Worthing.......... 897 

Discharge  in  Gases  and  in  Vacuo  (Electric),  including  Discharge  of 
Condensers ;  see  also  section  Rajrs. 
Absorption  of  Gas  by  Quartz  Vacuum  Tubes.    R.  S.  Willows  and 

H.  T.  George 808 

Absorption,  Gas,  see  also  section  Absorption. 

Arc  and  Glow  Discharge.    M.  La  Rosa 715 

„  ,  Electric,  Carbon  Consumption  in.    W.  G.  Duffield loo 

„  ,       „      ,      „  „  .    W.  G.  Duffield  and  [Miss] 

M.  D.  Waller 365 

„  ,  Electric,  Repulsion  Effect  in.    A.  Sellcrio 714 

„  ,  Nickel,  Potential  Measurements  in.    W.  Frey 922 

„  ,  Tungsten,  under  Pressure.    G.  P.  Luckey 1277 

Arcs  between  Non-vaporising  Electrodes.    G.  M.  J.  Mackay  and 

C.  V.  Ferguson 462 

Canal  Rays.    T.  Retschinsky 202 

„         „    ,  True  Absorption  of .    W.  Wien 461 

Charged  Conductor  in  Rarefied  Air  :   Influence  of  Magnetic  Field. 

A.  Righi 925 
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Discharge  in  Gases  and  in  Vacuo  (Electric),  including  Discharge  of 
Condensers,  continued. 
Concentric  Cylindrical  Electrodes,  Discharge  between.    C.  T.  Knipp    923 

Corona  Discharge,  Initial  Condition  of.    }.  Kunz • 1065 

Damped  Oscillations,  Studying,  by  Aid  of  Shrinking  Vectors.    D. 

Robertson  loi 

Discharjge  Tube,  Action  of  Calcium  in.    H.  B.  C.  Allison 1276 

Disruptive  Discharge  and   Hypothesis  of  Molecular  Electrostatic 

Field.    C.  E.  Guye   1148 

Distribution  of  Current  between  Gas  Column  and  Metallic  Shunt. 

R.  F.  Earhart 934 

Duddell    Currents,  see   sections   Alternate -Current   Research    and 

Oscillations. 
Electron  Currents,  Experiments  with,  in  Mercury  Vapour.    O.  W. 

Richardson  and  C.  B.  Bazzoni  1380 

Electrons,  Slow-moving,  Reflection  of,  by  Copper.    A.  W.  Hull 336 

Explosive  Potential,  Possibility  of  Three  Varieties  of.    C.  E.  Guye...  1149 
Flame  Conduction,  Theory  of,  and    Square-root    Law   of   Alkali 

Flames.    E.  Marx    1375 

Flames  containing  Salt  Vapours,  Electrical  Conductivity  of.    H.  A. 

Wilson *. 99 

„     ,  Effect  of  Magnetic  Field  on  Conductivity  of.    C.  W.  Heaps  1272 

„     ,  Electric  Deposits  in  :  Faraday's  Law.    B.  Thieme 596 

Glow  Discharge,  Theory  of,  VL    R.  Holm  1384 

Hot  Body,  Work  Function  when  an  Electron  escapes  from  Surface 

of.    H.  H.  Lester 588 

„  Platinum,  Variation  of  Positive  Emission  Currents  from,  with 

Applied  P.D.    O.  W.  Richardson  and  C.  Sheard 920 

^k,"    Planck's,   Direct    Photoelectric    Determination    of.     R.    A. 

Millikan 713 

"A,"  Value  of,  determined  Photoelectrically  from  Ordinary  Metals. 

W.  H.  Kadesch  and  A.  E.  Hennings  363 

Ignition,  Electrical,  of  Gaseous  Mixtures,  Reaction  between  Gas  and 

Pole  in.    W.  M.  Thornton 343 

Ionic  Mobilities  in  Hydrogen.    II.    W.B.Haines 712 

lonisation  by  Collision,  Theory  of.    K.  T.  Compton    918 

„         of  Hydrogen  Molecules  and  Formation  of  H3.     A.  J. 

Dempster    806 

„         of  Metallic  Vapours  in  Flames.    J.  C.  McLennan  and 

D.  A.  Keys 1377 

„         Potentials,    Low-potential    Discharge   Spectrum  of  Hg 

Vapour  in  Relation  to.    J.T.Tate   1274 

„         Potentials   of    Magnesium    and    other    Metals.     }.   C. 

McLennan 1346 

„        ,  Residual.    K.  H.  Kingdon , 1378 

Ionising  Potential,  Minimum,  and  Mean  Free  Path  of  Electron. 

K.  T.  Compton 1381 

Ions,  Positive  and  Negative,  Photographs  showing  Deflection  of. 

C.  T.  Knipp  598 

„  ,  Production  of  Light  by  Recombination  of.    C.  D.  Child 327 

Kathode  Fall  of  Potential,  Theory  of.    H.  A.  Wilson 1275 

„        Measurements  with  Glow  Current  in  Hydrogen.    W.  L. 

Cheney    599 

„        Measurements  with  Glow  Current  in  Oxygen  and  Nitrogen. 

W.  Neuswanger    600 

„        Rays,  Secondary,  Velocity  of.    M.  Ishino 1379 

„        Rays,  Variation  of  Mass  with  Velocity  of.    L.  T.  Jones 1064 

Kathodic  Dark  Space,  Length  of.    G.  Zanobini  924 

Magnetic  Field,  Discharge  in.    A.  Righi   1383 

Negative  Resistance.    A.  W.  Hull   463 

Nitrogen,  Active  Modification  of.    VII.    R.  J.  Strutt 945 
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Discharge  in  Gases  and  in  Vacuo  (Electric),  including  Discharge  of 
Condensers,  continued. 
Ozone    Formation,    Influence   of    Current    Wave-form    on    Silent 

Discharge  and  on.    G.  Lechner    493 

Photoelectric  Action  of  Cupric  Oxide.    T.  W.  Case 1063 

„  Cells,  Dark,  Small  Discharges  in.    }.  Elster  and  H. 

Geitel  ;..  1147 

,,  Current  and  Illumination,  Relation  between.     H.  E. 

Ives,  S.  Dushman,  and  E.  Karrer ^  597 

„  Currents,  Conditions  of  Emission  of.    W.  Gardner  ...  looa 

„  Discharge  from   Leaves.    ].  A.   McClelland  and  R. 

Fitzgerald 807 

„  Effect  and  /3-radiation  from  Radio-active  Substances. 

P.  S.  Epstein 1356 

„  Effect  in   Lithium,  Sodium,  and  Potassium.    W.  H. 

Souder 1271 

„  EfiFect  on  Thin  Films  of  Platinum.    J.  Robinson    1376 

„  Effect,  Influence  of  Occluded  Gases  on.    R.  J.  Piersol  1270 

„  Effects,  Normal  and  Selective,  Velocities  of  Electrons 

emitted  in.    A.  L.  Hughes 369 

„  Effects,  Phenomena  of.     D.  Konstantinowsky 919 

„  Emission,  complete.    O.W.Richardson  364 

Photo-potentials  due  to   Light  of  Different   Frequencies.      A.   E. 

Hennings  and  W.  H.  Kadesch  1269 

„  of  Different  Metals  when  stimulated  by  Light  of 

Given  Frequency.    A.  E.  Hennings  and  W.  H.  Kadesch  362 

Positive  and  Kathode  Rays,  Tube  for  showing  Colour  Effects  of. 

C.  T.  Knipp    366^ 

„      Column  in  Gases  at  Low  Pressures,  Luminosity  of.     H.  A. 

Wilson ,...  1382 

Retrograde  Rays  from  Cold  Kathode.    O.  H.  Smith  1273 

Silent  Discharge  in  Gases  at  Atmospheric  Pressure.    S.  Sachs 102 

Tesla  Coils,  Most  Effective  Primary  Capacity  for.    W.  M.  Jones 233. 

Thermionic  Currents,  Variation  of,  with  Potential.    H.  Lester 921 

Transverse  Magnetic  Field,  Electric  Discharge  in.   D.  N.  Mallik  and 

A.  B.  Das 1278 

Vacuum  Tubes,  Absorption  of  Gases  in.    S.   Brodetsky  and    B. 

Hodgson , 926 

Dispersion  (Light). 

Gases  and  Vapours,  Dispersion  in.    F.  Reiche 1230 

Glass,  Refractive  Index  and  Dispersion  of.    R.  W.  Cheshire 1338 

Hydrogen  and    Helium,   Dispersion    of,  on    Bohr's    Theory.     C. 

Davisson 1339 

Light  Extinction.     I.  and  II.    C.  W.  Oseen 1229 

Metal  Layers,  Thin,  Dispersion  of.    B.  Pogany   1027 

Normal  and  Abnormal  Dispersion  in  Region  of  Long  Wave-lengths. 

H.  Rubens 52 

Prism  of  Small  Angle,  Experiments  with.    G.  F.  C.  Searle 318 

„    ,  Minimum  Deviation  in.    V.  G.  Ckvallaro 1031 

Salts,  Ultra-violet  Dispersion  of,  in  Water.    A.   Heydweiller  and 

0.  Grube 774 

Two-dimensional  Dispersion  Problem.   C.  Schaefer  and  H.  Stallwitz  1231 

Dissociation  and  lonisation. 

Cryoscopic  Measurements,    see   section  Freezing-,    Melting-,   and 

Boiling- Points. 
Dissociation  of  Hydrogen  into  Atoms.   III.  Mechanism  of  Reaction. 

1.  Langmuir  837 

Electron    Emission    during  Chemical   Reactions.    G.  Just  and  F. 

Haber 475 

Emission  of  Corpuscles  during  Chemical  Reactions.    I.    S.  Tanatar 

and  E.  Burkser 470 

lonisation  and  Dissociation  of  Hydrogen  Molecules.  A.  ].  Dempster  806 
For  the  Explanation  of  this  Index  see  p.  555. 


Digitized  by  VjOOQIC 


566  SUBJECT  INDEX. 

Abstract  Not. 

Dissociation  and  lonisation,  continued. 

lonisation  of  the  Atmosphere,  see  section  Static  Electricity. 

„        ,  Multiple,  Theory  of.     F.  F.  Heyroth 740 

„        ,  Spontaneous,  of  Aqueous  Vapour  of  Atmosphere.    II. 

G.  Oddo 460 

Dynamics  and  General  Mechanics. 

Air-resistance.     M.  Panetti 13 

„                F.  Burzio  « 14 

,,             to  Spheres.    R.  Seeliger , 1318 

Ballistics,  External,  Diagram  to  Facilitate  Study  of.    W.  E.  Dalby...  511 

Breakwater,  Brasher  Air 980 

Discharge  of  Gases  through  Nozzles.     Rayleigh 1100 

Discontinuous   Motion  of    Liquid ;    Application   of    Nomography. 

W.  B.  Morton  and  E.  J.  Harvey   281 

Droplet,  Falls  of,  in  Liquid  and  in  Gas.    O.  W.  Silvey  279 

Einstein's    Equivalent   Hypothesis  and  Gravitational  Theory.    F. 

Kottler 1315 

„  Theory  of  Gravitation,   Field  of  Single  Centre  in.    J. 

Droste 1316 

Energy,  Current  "  Definition "  of .    M.  M.  Garver   637 

Equilibriating  Masses  rotating  at  High  Velocities.    C.  L.  Ricci  982 

Flow  of  Air  through  Nozzles.    T.  B.  Morley 978 

„    of  Compressible  Fluid  past  an  Obstacle.     Rayleigh 979 

„    ,  Hydraulic,  Reviewed.    A.  A.  Barnes 751 

„    ,  Turbulent,  in  Pipes  and  Channels.     L.  V.  King  515 

„    ,  Two-dimensional  Fields  of.    T.  G.  Leathem 044 

Gravitation  and  Electrical  Action.    F.  E.  Nipher 640 

Gyroscope,  Theory  of.     H.  Lamb 16 

Jets,  Confluent.    Spontaneous  Currents  in  Liquids.     U.  Cisotti    162 

„,  Liquid,  Contraction  of .     U.  Cisotti 163 

Liquid  Pressure,  Negative,  at  High  Temperatures.    S.  Skinner   983 

Mass  System,  Absolute,  Impossibility  of.    J.  Ishiwara    974 

Motion  of  Elongated  Bodies  through  Fluids,  Frictional  Resistance  to. 

C.  H.  Lees  15 

„     of  Solids  in  Liquid  possessing  Vorticity.    T.  Proudman 977 

„      of  Stream  of  Finite  Depth  past  a  Body.     K.  Jones 9 

„      ,  Discontinuous  Fluid,  past  Curved  Boundary.     H.  Levy 512 

„      ,  Turbulent,  of  Fluids  in  Cylindrical  Tube.    P.  Zeeman   981 

Oscillating  Drops,  Analysis  of,  by  Means  of  Vortex  Rings.    V.  Kutter  13 17 

Oscillations  of  Sphere  in  Viscous  Liquid.    J.  E.  Verscha£felt 151 

„  of  Spheres  in  Viscous  Liquids,  Similarity  of.    J.  E.  Ver- 

schaffelt  152 

Physical  Universe,  Five-fold  Variety  in.    J.  Ishiwara 752 

Projectiles,  Aerial  Trajectories  of.     E.  Esclangon   749 

„        ,  Long-range :    Influence    of    Atmospheric    Conditions. 

de  Sparre 750 

„         shot  off  at  Angles  in  vicinity  of  45°,  Trajectory  of.    M.  de 

Sparre    278,  510 

Propeller  Experiments,  Comparison  between  Results  of,  in  Air  and 

Water.    A.  W.  Johns  20B 

Quanta,  Statistic-mechanical  Basis  of  Theory  of.    T.  Wereide 643 

Relativity,  Agreement  of  Frames  of   Reference    in   Theories    of. 

E.  Kretschmann 148 

„        ,  Basis  of  General  Theory  of.    A.  Einstein  853 

„        ,  Experimental  Confirmation  of .     H.  K.  de  Haas... 150 

„        ,  General,  and  Einstein's  Theory  of  Gravitation.    M.  Born  5o« 
„        ,  Principle  of.  Rotation  of   Elastic  Bodies  and.      P.  J. 

Daniell • 160 

„        ,  Theory  of.    D.  Berthelot 1193 

Rotating  Liquids,  Liapounoff's  Formula  for.     P.Humbert   519 

Sighting,  Speed,  and  Wind  Deflection  in  Artillery.    G.  Greenhill   .,.1187 

Similanty,  Principle  of,  and  Law  of  Gravitation.    J.  Ishiwara 988 
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Dynamics  and  General  Mechanics,  continued. 

Similitude,  Tolman's  Principle  of.    [Mrs.]  T.  Ehrenfcst  Afanassjcwa  975 

Skating  on  Thin  Ice.    G.  Greenhill 146 

Skin  Friction,  Laws  of .    C.  H.  Lees 1104 

Statistical  Mechanics.    C.  V.  L.  Chariier    753 

Three  Bodies,  Problem  of.    R.  Marcolongo lOi 

Two-dimensional  Physics,  Solution  of  Problems  of.    J.  R.  Wilton  ...  159 

Vibratory  Whiris  in  Air.    L.  Perisse   1192 

Vortices,  Circular  and  Helical,  Speed  of.    A.  Lauth    858 

Water-hammer.    C.  Camichel 828B,  829B 

„            ,  Theory  of.    C.  F'ossa-Mandni 418 

Wave  Motion,  Experimental  Tank  reproducing.    G.  Russo  1106 

„   -motion.  Ripple.    F.  R.  Watson  and  W.  A.  Shewhart  514 

„   -patterns  due  to  Travelling  Disturbance.    H.  Lamb 513,  855 

Waves  of  Simple  Vibration  Type,  Kinematicai  Basis  for.    K.  UUcr...  854 

„    ,  Echelon,  Note  on.    G.  Greenhill 1105 

Elasticity,  see  also  section  Metallography. 

After-effect,  Elastic,  Disturbance  of,  by  Hysteresis.    H.  Jordan 271 

Beam,  Thin-plate,  Strength  of.    B.  C.  Laws 509 

Beams  of  Commercial  Section,  Bending  and  Torsion  of.    E,  G. 

Ritchie 416 

Bending,  Axial,  Resistance  to.    Giimbel 415 

Bending  Elasticity  of  Cast  Iron.    A.  Ono  274 

Endurance  of  Metals  under  Alternating  Stresses.    B.  P.  Haigh  747 

Hooke's  Law,  Generalised  Form  of.    E.  R.  Hedrick  147 

Ice  Structure,  Experimental  Studies  on.    O.  D.  v.  Engeln 24 

Metals,  Elastic  Strength  of.    F.  C.  Thompson 273 

Phosphor-Bronze  Wires,  Elastic  Peculiarities  of.    L.  P.  Sieg  and 

A.  J.  Oehler 748 

Plastic  Flow.     E.  C.  Bingham  850 

Plasticity.     Effect  of  Stress  on  Temperature  of  Transition.     P.  W. 

Bridgman    507 

Proportional  Limit  of  Metals.    A.  N.  Mitinsky 276 

Quartz  Fibres,  Internal  Friction  of,  at  Low  Temperatures.    C.  E. 

Guye  and  M.  Einhorn-Bodzechowski  969 

Steel  under  Biaxial  Loading.    A.  J.  Becker  852 

Stiffness  of  Elastic  Systems,  Theory  of.    M.  D.  Hersey 1188 

Stress  Analysis,  Optical,  Practical  Application  of.    Mesnager 066 

Stress  Distribution  in  Engineering  Materials 884B 

Theory  of  Elasticity,  Two  Problems  in.    C.  E.  Weatherburn   968 

Electric  Furnace  Processes. 

Acheson  Graphite  and  Magnesia,  Temperature  of  Reaction  between. 

O.  L.  Kowalke  and  D.  S.  Grenfell 121 

Cobalt  and  Carbon.    High-temperature  Investigations.    VIII.     O. 

Ruff  and  F.  Keilig 621 

Industrial  Processes,  see  Section  B. 

Iron  and  Carbon.    High-temperature  Investigations.    VII.    O.  Rufif 

and  W.  Bormann 620 

Manganese    and    Carbon.      High-temperature    Investigations,    V. 

O.  Ruff  and  W.  Bormann   618 

Melting-points,  see  separate  section. 

Nickel  and  Carbon.     High-temperature  Investigations.     VI.     O. 

Ruff  and  W.  Bormann  619 

Reduction  of  Metallic  Oxides  with  Hydrogen  at  High  Pressures. 

E.  Newbery  and  J.  N.  Pring 481 

Steel   Furnace,    Electric,    Heat   Losses  from.    W.   H.  Wills  and 

A.  H.  Schuyler 477 

Electrolysis. 

Aluminium,  Preparation  of,  from  Russian  Minerals.     N.  Puschin,  E. 

Dischler,  and  M.  Maksimcnko 478 

Analysis,  Separation,  and  Estimation  (Electrolytic),  see  section  Elec- 
trolytic Analysis. 
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Electrolysis,  continucii. 

Antimony  Refining,  Electrolytic.    A.  G.  Belts 504 

Copper,  Electrolytic,  Structure  of.    A.  Sicverts  and  W.  Wippelmann    497 

Corrosion  of  Iron.     K.  P.  Grigorowitch 39a 

„         Committee  of  Institute  of  Metals,  Third  Report  of.    W.  E. 

Gibbs,  R.  H.  Smith,  and  G.  D.  Bengough  1307 

„         of  Steel,  Theory  of.     L.  Aitchison 1168 

De polarisation  by  Electric  Waves.    W.  D.  Bancroft 842 

Electrolyte  situate  in  Magnetic  Field,  Distribution  of  Current  in. 

A.  Righi  264 

Glass,  Electrolysis  of.    A.  Speranski   coo 

Hydrochloric  Acids,  Concentrated,  Electrolysis  of.     F.  H.  Jeffery  ...     847 

Industrial  Electrolysis,  Plating  and  ReBning,  see  Section  B. 

Ionic    Velocities,    New    Method   of    Determining.     [Mrs.]    C.   H. 

Griffiths  830 

Ions,  Explanation  of  Migration  of.    S.  W.  J.  Smith 838 

„   ,  Iodine,  Exhibiting  Velocity  of,  in  Solution.     S.  W.  I.  Smith   ...    836 
Kathode-deposited  Metals,  Quantitative  Data  on.     P.  G.  Nutting    ...  1096 

Kathode  Scattering  in  Electrolysis.     A.  H.  W.  Aten   961 

Lead,  Anodic  Solution  of.     N.  M.  Bell   498 

„    ,  Smooth  Solid,  deposition  of,  from   Lead  Nitrate  Solutions. 

F.  C.  Mathers  and  A  McKinney    138 

Magnesium,  Formation  of  Magnesium  Sub-oxide  in  Preparation  of. 

F.  C.  Frary  and  H.  C.  Berman 139 

Nickel,  Electro-deposition  of.    C.  W.  Bennett,  C.  C.  Rose,  and  L.  G. 

Tinkler    140 

Nitric,    Sulphuric,    and    Orthophosphoric    Acids,   Electrolysis    of. 

F.  H.  Jefifery  846 

Overvoltage.    C.  W.  Bennett  and  J.  G.  Thompson 841 

„  and  Monatomic  Hydrogen.    W.  D.  Bancroft 843 

Passive  Iron,  Anodic  Relations  of.     H.  G.  Byers  and  S.  C.  Langdon    505 

„       State  of  Iron  in  Nitric  Acid.    J.  G.  Brown 844 

Passivification  of  Iron  by  Nitric  Acid.    S.  W.  Young  and  E.  M.  Hogg    141 
Passivity  in  Connection  with  Ferrous  Alloys  of  different  Composition. 

H.  W.  Moseley 137 

„      of  Zinc,  Period  of   Induction  of.     M.  Centncrszwer  and 

J.  Drukker  502 

,,      ,  Periodic,  of  Iron.     A.  Smits  and  C.  A.  L.  de  Bruyn 411 

Polarisation  (Electrolytic),  see  also  separate  section. 

Rectifier,  Electrolytic,  sec  also  section  Polarisation  (Electrolytic). 

Silver  Cyanide  Plating  Bath,  Single  Potentials  in.     F.  C.  Frary  and 

R.  E.  Porter  

Transference  of  Electricity  by  Colloidal  Particles.    F.  Powis 

„  ,  Electrical,  m  Amalgams.    G.  N.  Lewis,  E.  Q.  Adams, 

E.  H.  Lanman   265 

Voltameter  Deposits,  Silver,  Inclusions  in.    G.  VV.  Vinal  and  W.  M. 

Bovard 503 

„        ,  Copper.    A.  K.  Datta  and  N.  Dhar 959 

„        ,  Silver.     J.  Obata 960 

„  „     ,  Volume  Effect  in.     E.  B.  Rosa  and  G.  W.  Vinal...  1280 

„        with  Aluminium  Electrode.    E.  Freda   266 

Zinc,  Electrolvtic  Deposition  of,  at  Surface  of  Solution.    A.  A.  Titov 

and  S.  Kf.  Levi  501 

Electrolytic  Analysis. 

Copper-Tin  Group,  Electro-analytical  Method  for  Estimation  and 
Separation  of  Metals  of.    E.  P.  Schoch  and  D.  J.  Brown  [with 

T.  E.  Phipps]     .< 1179 

Heavy  Metals,  Separation  of,  from  Tin,  Antimony,  Tungsten,  and 

Molybdenum.    Le  R.  W.  McCay  and  N.  H.  Furman 635 

Micro  Electro-analyses.    £.  H.  Riesenfeld  and  H.  F.  MoUer  1312 

Electromagnetic  Theory. 

Absorbing  Media,  Electrodynamics  of.    L.Roy  912 
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Electromagnetic  Theory,  continued. 

Acceleration  of  Metals,  E.M.F.   produced   by.     R.  C.  Tolman  and 

T.  D.  Stewart 1266 

Brewster's  Law,  Necessary  Conditions  for  it  to  be  Valid.    K.  Uller...    555 

Conductors,  Electrodynamics  of.     P.  Duhem  909 

„  ,  Stationary,  Electrodynamics  of  System  of.      P.  Duhem    on 

Dielectrics,  Electrodynamics  of .     P.  Duhem 802 

Electric  Energy  Density  and  Wave  Conditions  in  Electrically  Un- 

excitable  Bodies.    K.  Uller    459 

Electromagnetic  Wave  Constants  of  Isotropic  Body.     K.  Uller  592 

Electron,  Charge  of,  and  Avogadro's  Number.    A.  Schidlof 231 

,,      ,  Changes  in  Shape  of,  in  Gravitational  Field.    J.  Ishiwara    913 

„      ,  Revision  of  Expression  for  Mass  of.    J.  Ishiwara  589 

„        Theory  of  Metals.    C.  W.  Oseen 709 

»  n  »,     .    A.  March 914 

Electronic  Charge  and  Mercury  Droplets.    L.  W.  McKeehan  1191 

„  „  „  „       .    A.  Schidlof  and  A.  Kar- 

powicz 591 

Electrostriction  of  Cylindrical  Condensers,  End  Effect  in.     E.  C. 

Kemble    1058 

Enerjgy  Interchange  between  Matter  and  Ether.    T.  Wereide    908 

Gravitation,  Special,  of  Electric  Field  given  by  Einstein's  Theory. 

H.  Reissncr « 1196 

"  h,*'  Value  of.  Determined  Photoelectrically  from  Ordinary  Metals. 

VV.  H.  Kadesch  and  A.  E.  Heunings 1267 

Hot  Body,  Work  Function  when  Electron  escapes  from  Surface  of. 

•   H.  H.  Lester  588 

Induction,  Electromagnetic,  Law  of.     L.  Lombardi  803 

Least  Action  Principle,  Electrodynamics  and.    G.  H.  Livens  1370 

Mechanical  Representation  of  Electric  Phenomena.    D.  Berthelot...  1193 

Motion  of  Electricity  in  System  of  Dielectrics.    P.  Duhem 910 

„    of  Ions  (and  Electrons)  in  Electric  Field.    A.  Righi    7x0 

Path  of  small  Permeable  Body  Moving  in  Bipolar  Field.     P.  E.  Belas 

and  M.  Hartog  593 

Planck's  "  A,"  Direct  Photoelectric  Determination  of.     R.  A.  Millikan    713 
Planck's  Constant  "  h,'*   Electrodynamic  Interpretation  of.    A.  L. 

Bernoulli 1138 

Point-charges,    Two    Moving,   Mutual    Magnetic  Energy  of.     A. 

Anderson 1x46 

Specific  Inductive  Capacity  of  Certain  Metals.     F.  Sanford 9x5 

Sub-electrons :  Brownian  Movement  in  Gases.    A.  Targonski 156 

„  ,  Existence  of.     R.  A.  Millikan 1371 

Electro-Physiology  and  Radiography. 

Conductivity,  Electrical,  of  Human  Body.    G.  Bucky 469 

Coolidge  Tube,  Technique  of.    A.  Teillard  1x62 

Depth  of  Foreign  Body,  Simple  Appliance  for  measuring.    M[ary] 

Mercier io8x 

Dosimetry,   Bases  of,  in  Radiology.      R.   Ledoux-Lebard  and  A. 

Dauviliier 726 

„  ,  Radiologic.    R.  Ledoux-Labard  and  A.  Dauviliier X294 

Electro-vibrators  with  Small  Currents.    Electro-vibrators  with  Re- 
sonance.   }.  Bergonie 1163 

Incidence  Indicator,  New.    Charlier  943 

Induction  Coil  utilising  Inverse  Current.    A.  C.  Gunstone 1295 

„         Coils,  Operation  of,  with  Electrol3rtic  Interrupters.    O.  M. 

Corbino  and  G.  C.  Trabacchi 606 

Localisation,  Modified  Technique  of,  by  means  of  Hirtz's  Compass. 

J.  de  Poliakoff   728 

„  of  Projectiles — Appliances  for  Ozil   Method.    Bufifon 

and  F.  Ozil X15 

Localising  Projectiles  in  Wounded,  Marking  Apparatus  for.    La 

Marechal  and  Morin 617 
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£l«ctro- Physiology  and  Radiography,  continued. 

Protection,  Illusory,  against  Rontgen  Rays.    J.  Bergonie  727 

Radiography  of  Metals.     W.  F.  Davey  616 

Radioscopy,  Surgical,  New  Method  of,  using  Red  Light.    J.  Bergonie    249 
Searching  for  Foreign   Bodies,   New   Radioscopic  Method  otT    R. 

Ledoux-Lebard  and  Dauvillier 252 

Sextant,  Radiological.     Loro 251 

Stereoscopic  Apparatus  for  examining  Radiographs  in  Normal  or 

Pseudoscopic  Relief.     E.  Colardeau  and  J.  Richard 429 

Transformers,  X-ray,  Experiments  on.    C.  Deguisne 942 

Tube,  Lilienfeld,  for  Rontgen  Rays.     F.  J.  Koch 944 

X-ray  Apparatus  to  give  Best  Form  of  Discharge.     B.  Winawer 248 

„      Tube,  Role  of,  in  X-ray  Technique.     F.  Ludewig 250 

X-rays,  Injurious  Effects  produced  by 729 

„      ,  Physical  Measurement  of.     H.  L.  Bronson 444 

„      ,  Production  of,  in  Present  War.     U.  Magini 470 

Freezing-,  Melting-,  and  Boiling-Points. 

Melting-points    and    Transition    Phenomena,   Press    for    Studying. 

E.  Janeckc 1135 

Melting-points  of  Gypsum,  Soda,  Borax,  Copper  Sulphate,  CarnaUitc, 

etc.     E.  Janecke    X136 

Gases  and  Vapours,  see  also  section  Thermodynamics. 

Argon-Nitrogen  System,  Equilibrium  Liquid-Vapour  of.    G.   Hoist 

and  L.  Hamburger    217 

COa,  SO,,  NH3.  and  Steam,  Characteristic  Curves  for.     B.  Leinweber    793 
Combustion  of   Explosive  Gas- Air  Mixtures  :    Pressure  Influence. 

E.  Terresand  F.  Plenz    792 

Condensation  of  Metallic  Vapours  on  Cooled  Bodies.    M.  Knudsen  1357 

Evaporation,  Kinetic  Theory  of.    A.March  ^'37 

Gas  Molecules,  Condensation  and  Reflection  of.    R.  W.  Wood    1358 

„    ,  Absorbing,  Scattering  and  Reflection  of  Light  by.    R.  W.  Wood 

and  M.  Kimura  1226 

„    ,  Monatomic,  Theory  of  Viscosity  and  Thermal  Conduction  in. 

S.  Chapman    794 

Gases.  Thermal  Conductivity  and  Viscosity  of.    J.  A.  Pollock    ...340,  1251 
Helium,  Air,  and  Argon,  Isothermals  for.    L.  Holborn  and  H.  Schultze      92 

Ignition  of  Gases  by  Impulsive  Discharge.     W.  M.  Thornton 700 

„        of  Methane-Air  and  Hydrogen-Air  Mixtures.    S.  G.  Sastry    906 
„      ,  Electrical,  of  Gaseous  Mixtures,  Reaction  between  Gas  and 

Pole  in.    W.  M.  Thornton 343 

Internal  Friction  in  Gases.    I.     Primary  Viscosity  Coefficient.     M.  B. 

Weinstein 1359 

„        Friction  in  Gases.     II.     Second  Viscosity  Coefficient.     M.  B. 

Weinstein    1360 

Joule-Thomson  Effect,  Inversion  Curves  of,  for  Air.     F.  A.  Schulze    905 

Kinetic  Theory  of  Gases,  Cosine  Law  in.     M.  Knudsen 457 

Mercury  Droplets  and  Electronic  Charge.     L.  W.  McKeehan 1191 

Neon,  Isothermals  of.    Liquid  Condition  of  Neon.     H.  K.  Onnes  and 

C.  A.  Crommelin 89 

Nitrogen,  CO,  Oxygen,  Methane,  Critical  Points  of.     E.  Cardoso 1255 

„        ,  Solid,  Specific  Heat  of,  and  of  Liquid  Nitrogen.    W.  H. 

Keesom  and  H.  K.  Onnes   1133 

Oxygen- Nitrogen  Mixtures,  Liquid,  Measurements  on.      J.  E.  Ver- 

schaffelt  and  C.  Nicaise    1x65 

Virial  Coefficient,  Second,  for  Rigid  Spherical  Molecules,  Theorems 

concerning.    W.  H.  Keesom    215,  216 

Gravity. 

Determination  of  Gravity  at  Sea.    A.Schuster 1195 

„  „  „  ,  Apparatus  for.    W.  G.  Duffield  ...  1x94 

Deviations  from  the  Vertical  at  Paris.     L.  Eble  971 

Einstein's  Equivalent   Hypothesis  and  Gravitational  Theory.      F. 

Kottler     1315 
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Gravity,  continued. 

Einstein's  Theory  of  Gravitation.    ].  Droste 985,1316 

Electrical  Action  and  Gravitation.    F.  E.  Nipher    040 

Electric  Charges  and  Gravitation.    E.   H.  Kennard,  C.  Davisson    973 
Law  of  Gravitation,  and  Tolman's  Principle  of  Similarity.    J.  Ishi- 

wara 988 

Mass  System,  Absolute,  Impossibility  of,  on  New  Theory  of  Gravi- 
tation.   J.  Ishiwara 974 

Newtonian  Constant  of  Gravitation  as  affected  by  Temperature. 

P.  E.  Shaw 860 

Relativity  Theory  of  Gravitation.    J.  Ishiwara  8,  974 

Special  Gravitation  of  Electric  Field  given  by  Einstein's  Theory. 

H.  Reissner    1196 

Temperature  and  Gravitation.    P.  E.  Shaw,  J.  Larmor 972 

„  „  „        .    E.  H.  Barton  1103 

„  M        .  J.  L[armor]  861 

Inductaace  (Self  and  Mutual). 

Measurements,  see  also  separate  section. 

Mutual  Inductance  between  Helix  and  Co-axial  Curcle ;  Helix  and 

Co-axial  Cylindrical  Current-sheet    K.  Terazawa    1282 

„     and  Self-induction  of  Circular  Coils.    S.  Butter  worth 810 

„     Induction  of  Eccentric  Coils.    S.  Butterworth 811 

Resistance  Standards,  Four-terminal,  Inductance  of.     F.  B.  Silsbee  1279 

Self-induction,  Influence  of  Earth's  Motion  on.    A  v.  Schiitz 1372 

Solenoids,  Two  Iron-cored,  with  Axes  Inclined,  Inductance  Co- 
efficients of.     H.  Lorenz 933 

Interference. 

Clustering-tendency  of  Molecules  in  Critical  State  and  Extinction  of 

Light.    F.  Zernike    881 

Diffraction  of  Rectangular  Slit  by  Spectrum  Line.    Y.  Takahashi  ...  1228 
„         -ring  Pattern  in  Shadow  of  Circular  Object.      M.  E. 

Hufford  882 

Grating,  Concave,  with   Large  Ruled  Area,  Corrections  for.     H. 

Nagaoka 1337 

Interferometer,  Michelson.    G.  Krause  ±2k 

Parallel  and  Crossed  Rays,  Interference  of.    C.  Barus  060 

Two  Gratings,  Interferences  of  Direct  Spectra  of.    C.  Barus  1035 

Magnetism. 

Annealed  Steel,  Properties  of.    T.  Matsuda 1077 

Apparatus  and  Instruments,  see  also  separate  section. 

Bismuth,  Resistance  of,  in  Magnetic  Field  to  Alternating  and  Direct 

Currents.    T.  Heurlinger  1078 

Cementite,  Magnetic  Transformation  of.    K.  Honda  and  H.  Takagi    241 
Coercive  Force  of  Steel  and  Iron  :  Temperature  Variation.    R.  Gans    240 

Conductivity,  Magnetic,  at  High  Frequencies.     H.  Fassbeuder  212B 

Copper  Salts,  Magneto-chemistry  of,  and  Magneton  Theory.    B. 

Cabrera  and  E.  Moles 243 

Crystal  Size,  Magnetic  Properties  of  Iron  in  Relation  to,    F.  C. 

Thompson 723 

Crystals,  Formation  of,  in  Magnetic  Field.    A.  Tvcten 1080 

Current,  Distribution  of,  in  Electrolyte  situate  in  Magnetic  Field. 

A.  Righi 264 

Deformation,  Mechanical,  Magnetic  Study  of.    H.  Hanemann  and 

P.  D.  Mercia no 

Electrolytic  Iron  deposited  in  Magnetic  Fields,  Properties  of.    T. 

Sone 611 

Electromagnetic  Theory,  see  separate  section. 
Fatigue  of  Iron  Wires  in  Magnetic  Fields  and  Subsidence  of  Tor- 
sional Oscillations.    W.  Brown 377 

Ferromagnetic  Substances  and  Crystals  in  Light  of  Ewing's  Theory. 

K.  Honda  and  J.  6kubo 1287 

Gases,  Magnetic  Susceptibility  of.    H.    W.  P.  Roop « 939 
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M ai^netism,  continued. 

Hall  and  Corbino  Effects.    A.  K.  Chapman  1290 

„    -effect  and  Allied  Phenomena.    A,  W.  Smith  725 

„        n        n        ,t  ,f         in  Rare  Metals     A.  W.  Smith   ...  1079 

„        „        „        „  „         in  Tellurium.     P.  I.  Wold  612 

High  Frequencies,  very,  Magnetic  Behaviour  of  Iron  at.    N.  W. 

McLachlan 351B 

Hysteresis-free  or  Ideal  Magnetisation.    II.    W.  Steinhaus  and  E. 

Gumlich 239 

Induction,  Electromagnetic,  Problems  of.    G.  W.  O.  Howe,  E.  A. 

Biedermann,  N.  T.  Maccall  242 

Iron  Losses  in  Sheets  at  High  Frequency.    ].  Bethenod  691B 

Laws,  Magnetic,  for  Steel  and  other  Materials.    J.  D.  Ball  722 

Low-hysteresis  Materials,  Variations  in   Magnetisation  Curves  of. 

£.  Gumlich  and  W.  Steinhaus  209B 

Magnet,  Moment  of  Momentum  existing  in.    W.  J.  de  Haas   938 

Magnetic  Particles  and  Rotating  Particles.    A.  Korn 820 

Magnetisation  of  Iron  :  Influence  of  Alternating  Currents  of  De- 
creasing Intensity.    G.  }.  Elias 936 

Magneto-chemistry :    Application    to    Analytical    Chemistry.     A. 

Quartaroli  738 

Magnets,  Laminated.    W.  Brown    937 

Manganese  Nitride,  Magnetic  Susceptibility  of.    T.  Ishiwara  940 

Meta-,  Dia-,  and  Para-magnetism,  Statistical  Theory  of.    R.  Gans  ...    721 

Magnetic  Rotation,  Optical,  see  section  Polarisation. 

Measurements,  see  separate  section. 

Nickel  and  Iron  Wires,  Subsidence  of  Torsional  Oscillations  of,  in 

Transverse  Fields.    W.  Brown 819 

„     Steel,  35*25  %,  Effects  of  Magnetisation  on  Length  of.    A.  W. 

Gray,  D.  H.  Sweet,  and  L.  W.  Schad  1292 

„     Wire,  Damping  of  Torsional  Vibrations  in,  in  Variable  Field. 

E.  Drago' 613 

„     Wires,  Change  of  Length  in,  due  to  Transverse  Fields.    W. 

Brown 818 

„     Wires,  Change  of  Length  of,  due  to  Alternating  Fields.    W. 

Brown * 720 

Non-uniform  Distribution  of  Alternating  Currents  in  Iron  Conductors. 

L.  Lombardi 109 

Oscillations,  Effect  of,  on    Ma^etic  Properties   investigated    by 

Campo^raph.    J.  A.  Flemmg  and  P.  R.  Coursey 244 

Palladium  With  Absorbed  Hydrogen,  Paramagnetism  of.  H.F.  Biggs  1159 
Paramagnetic  Substances,  New  Method  of  Study  of,  in  very  Dilute 

Solution.    A.  Piccard  and  E.  Cherbuliez    245 

Paramagnetism.    R.  Gans 1288 

„  ,  Electron  Theory  of.    J.  Kroo 467 

Permeability  of  Iron  at   High   Frequencies.     R.  Jouaust  and  E. 

Brylinski 210B 

„  ,  Temperature  Coefficient  of,  within  Working  Range. 

R.  L.  Sanford 112 

Residual  Magnetisation,  Reversible  Change  of,  with  Temperature. 

G.  J.  Elias  • 719 

Saturation  Value  of  Intensity  of  Magnetisation.    Hysteresis.    E.  H. 

Williams m 

Shielding,  Magnetic,  of  Large  Spaces.  E.  Wilson  and  J.  W.  Nicholson  1289 

Solenoid,  Determination  of  Constant  of.    S.  R.  Williams  1291 

Steels,  Special,  Transformations  of,  at    High  Temperatures.     K. 

Honda,  K.  Tavtrara,  and  H.Takagi  ii6x 

Susceptibility,  Magnetic,  and   Dissociation,  Dependence  between. 

A.  Quartaroh  724 

Terrestrial  Magnetism,  see  separate  section. 

Testing,  Magnetic,  of  Bars  of  Straight  or  Curved  Form.    A.  Camp- 
bell and  D.  W.  Dye 113 
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Magnetism,  continued: 

Thermomagnetic  and  Galvanomagnetic  Effects.    T.  Heurlinger 247 

„  Properties  of   Compounds  and    Weiss'    Theory. 

K.  Honda  and  T.  Ishiwara 378 

Thermo-magnetism,  see  section  Thermo-electricity. 

van  der  Waals*  Equation  of  State  and  Magnetism.    J.  R.  Ashworth    379 
Measurements  and  Use  of  Instruments. 

Achromatoscope.    S.  R.  Williams    316 

Alignment  Charts  for  Additive  Expressions,  Plotting  of.    C.  E.  P. 

Sankey 1183 

Ailotropy  of  Metals,  New  Thermoelectric  Method  for   Study   of. 

C.  Benedicks 625,  1308 

A.C.  Curves,  Stationary,  Method  of  producing  with  Braun  Tube. 

C.  H,  V.  Bressler   1283 

A.C.    Measurements,  Vreeiand    Oscillator   for.   A  Tobler  and   K. 

Schild 948B 

Ammeters,  High-frequency.    J.  H.  Deliinger  741B 

Angles,  Auto-coUimating  Telescope  in  Measurement  of.    J.  Guild  ...    879 
Arc,  Enclosed  Tungsten,  for  Ultra-violet  Light.    B.  H.  Morphy  and 

S.  R.  MuUard 1075 

Barometers,  Aneroid  and  Mercury,  Comparison  of.    W.  G.  Duffield  13 14 

Batterj',  New  High-tension.    H.  Greinacher 1392 

Capacities,  Small,  Measurement  of.    W.  C.  Baker  372 

Capacity,  Electrical,  of  Gold-leaf  Electroscopes.    T.  Barratt  812 

Comcidences  of  Periodic  Phenomena,  Method  for  observing.    A. 

Perot 413 

Colour-screens,  Pyrometer,  Wave-length  of  Transmission  of.    P.  D. 

Foote  701 

Conductivities,  Heat,  Method  of  Measuring.    R.  W.  King 339 

Conductivity  of  Electrolytes,  Method  for  Measurement  of.    W.  A. 

Taylor  and  H.  L.  Curtis 135 

Curves,  Practical  Method  of  Tracing.    A.  H.  Shield  636 

Densilameter.    G.  A.  Shakespear 849 

Density  Balance,  Direct-reading.    C.  Cheneveau 962 

Dielectric  Constants,    Resonance    Method  for    Determination  of. 

F.  Tank 814 

Dieletric  Loss,  Measurement  of,  by  Compensated  Wattmeter.    G.  B. 

Shanklin 896B 

Diffusion  of  Salt  dissolved  in  Water,  Determination  of.    A.  Griffiths    394* 

Dimensions  of  Physical  Quantities.    C.  Runge 965 

Distance  between  Two  Parallel  Transparent  Plates.    C.  Barus  270 

Distances,  Estimating,  at  Sea  in  Fog.    J.  Joly  226 

Divided  Circles,  Calibration  of  Divisions  on.    A.  Verschaffel    964 

Electrometer,  Ebert,  Effect  of  Induced  Charge  on.    E.  H.  Nichols  1061 
Enlarging  Photographs  without  Use  of  Lens,  Method  for.     A.  J. 

Lotka  1029 

Equation  A  =  B.C,  Graphical,  Solution  of.    F.  E.  Wright    •     145 

Equations,  Graphical  Method  for  Solution  of.     H.  G.  Deming 745 

Fizeau's  Experiment,  Axial  Velocity  in  Apparatus  for.    P.Zeeman...  1340 
Floating  Equilibrium,  Further  Study  of.    T.  W.  Richards  and  G.  W. 

Harris 746 

Fluorescent  and  Intensifying  Screens.    L.  A.  Levy 329 

Galvanometer,  D'Arsonval,  Damping  Factor  of.    L.  Pyle 466 

»,»,»,  „  .    P.  K.  Klopsteg 932 

„  ,  Thomson,  Sensitivity  and  Shielding  Tests  of.    W.  W. 

Coblentz 1284 

Galvanometer,  Vibration.     W.  Jaeger 930 

Galvanometers,  Ballistic,  Correction  for  Thermoelectric  Current  in. 

P.  E.  Klopsteg  1074 

Galvanometers,  Design  of.    F.  Wenner 931 

„  ,  Moving-coil,  Ballistic  Constants  of.     P.  E.  Klopsteg  1073 

Grating,  Concave,  Effect  of  Temperature  on.     R.  T.  Birge   551 
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Measurements  and  Use  of  Instruments,  continued. 

Grating,  Concave,  with   Large  Ruled  Area,  Corrections  for.    H. 

Nagaoka 1337 

,,       ,  Ten-inch  Diffraction,  Ruling  of.    A.  A.  Michelson 1028 

Harmonic  Function,  Damped,   Kinematic   Representation  of.    A. 

Guillet 1097 

Hefner  Lamp,  Variation  of,  with  Atmospheric  Conditions.     E.  Ott      63 

High  Potentials,  Constant,  Obtaining.    A.  W.  Hull 1280 

Inductance   of    Low-resistance    Standards,    Measurement   of.     F. 

Wenner,  E.  Weibel,  and  F.  B.  Silsbee    237 

„         ,  Self  and  Mutual,  Comparison  of.    C.  H.  Lees 603 

Induction  Coils,  Operation  of,  with  Electrolytic  Interrupters.    O.  M. 

Corbino  and  G.  C.  Trabacchi 606 

Integration,  Graphical,  of  Differential  Equations.    A.  Schwaiger    ...    851 

Interferometers,  Resolving  Power  of .     H.  Nagaoka 56 

Interrupters,  Mercury- jet,  Experiments  with.    C.  E.  S.  Phillips 1154 

Invar  Steel  Wires,  Length  of.    L.  Carnera O 

Ions,  Iodine,  Exhibiting  Velocity  of,  in  Solution.    S.  W.  J.  Smith   ...    836 
I&ta  Thermometer  as  Measure  of  Effect  of  Atmospheric  Conditions 

upon  Comfort.    C.  E.  A.  Winslow  862 

Lanterns,  Optical  Projecting.    J.  B.  Taylor  1025 

Latitude,  Photographic  Determination  of.    S.  Hirayama  iiio 

Lens,  Determination  of   Effective  Aperture  of  Stop  of.    G.  F.  C. 

Searle  317 

Levelling,  Errors  in.    W.  Bowie 3 

Longitude,    Difference   of,    between    Paris  and    Washington.    B. 

Baillaud 967 

Low-resistance  Standards.    C.  V.  Drysdale  765B 

Magnetic  Testing  of  Bars.    A.  Campbell  and  D.  W.  Dye  113 

Microphones  and  Microphonic  Contacts.    P.  O.  Pedersen    324B 

Microscope,  Petrographic,  and  Polarised  Skylight.     W.  S.  T.  Smith    874 

„         ,  *f  ,  Polariser  in.     F.  E.  Wright 192 

„         ,  ,11  Recent  Improvements  in.    F.  E.  Wright  1236 

Oscillations,  Damped,  Mode  of  Studying.    D.  Robertson  loi 

Paramagnetic  Substances  in  Dilute  Solution,  Study  of.    A.  Piccard 

and  E.  Cherbnliez 2^5 

Periodicities,  New  Method  of  discovering.    J.  I.  Craig  867 

Pliase-difference  of  Condensers ;  Resonance  Method.     H.  L.  Dodge  1285 
Photometry,  Physical,  Use  of  Thermopile  for.    H.  E.  Ives  and  E.  F. 

Kingsbury  62 

Potentiometer*  Double  Combination,  Installation  of.    M.  Randall, 

F.  R.  V.  Bichowsky,  W.  H.  Rodebush 1076 

Pressure-balance,  Comparison  of,    with  Standard  Gauge.     C.  A. 

Crommelin  and  E.  I.  Smid 269 

Radiant  Energy  in  Absolute  Value,  Measuring.    W.  W.  Coblentz 

and  W.  B.  Emerson  699 

Radiation  Measurements,  Absolute.    W.Gerlach 1259 

Range-Bnder,  Modern.    F.  J.  Cheshire  50 

Recording  of  rapidly  varying  Phenomena.    G.  Keinath    A14 

Refractometcr,  Jamin,  Use  of  Spectrophotometer  with.    V.  Posejpal    669 
Resistance  Standards,  Primary    Mercurial.    F.    A.   Wolff,    M.  P. 

Shoemaker,  and  C.  A.  Briggs 370 

Resistances,  Manganin,  Variation  of,  with  Atmospheric  Humidity. 

J.  Obata  817 

Resolvmg  Power  of  Photographic  Plates.    O.Tugman 59 

Saccharimeter,  Quartz-wedge,  Constants  of.    F.  Bates  and  R.  F. 

Jackson    885 

Screens,  Projection  and  Focusing    672 

„      ,    Variable     Neutral-tint    Absorbing,    Theory   of.      E.    F. 

Kingsbury  667 

Sharpness  of  Photographic  Images,  Measurement  of.    O.  Tugman...      58 

Solenoid,  Determination  of  Constant  of.    S.  R.  Williams  1291 
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Measurements  and  Use  of  Instruments,  continued. 

Sound  Measurement,    H.  Zwaardemaker 355 

SpeciBc  Heats  of  Liquids,  New  Method  for  determining.      E.  J. 

Hartung  82 

Spectrograph ic  Measurements,  Refinements  in.    H.  H.  Plaskett 1009 

Surface  Tension,  Method  of  measuring.    A.  Anderson  and  J.  E. 

Bowen..... 283 

Telescopes,  Light  Transmission  through.    F.  Kollmorgen 771 

Thickness  of  Soap  Films.    A.  Hagenbach  and  W.  Rickenbacher    ...  17 

Time,  Measurement  of,  with  Galvanometer.    P.  E.  Klopsteg  1184 

Transformers,  X-ray,  Experiments  on.    C.  Deguisne 942 

Vacua,  High,  Production  of  335^ 

Viscosity  Measurements,  Sources  of  Error  in.    E.  C.  Bingham,  H.  L 

Schlesinger  and  A.  B.  Coleman 639 

Voltameter^ Deposits,  Silver,  Inclusions  in.    G.  W.  Vinal  and  W.  M. 

Bovard 503 

„         ,  Copper.    A.  K.  Dattaand  N.  Dhar 959 

„         ,  Silver.    J.  Obata 960 

„         ,     „    ,  Volume  Effect  in.    E.  B.  Rosa  and  G.W.  Vinal...  1280 

Wave-form  Standards.    F.  Bedell   766B 

„    -lengths.  Comparisons  of,  by  Interference  Methods.    W.  F. 

Meggers , 65 

Wollastou  Wire.    C.  Benedicks    1313 

X-rays,  Measuring,  New  Modification  of  lonisation  Method  of.    H.  E. 

Donnithorne  1127 

„      ,  Photographic  Measurement  of  Hardness  of.    J.  K.  A.  W. 

Salomonson    200 

Young's  Modulus  by  Sonometer.    A.  Guillet 4 

Metallography  and  Properties  of  Metals. 

After-effect,    Elastic,   Disturbance   of,  by  Elastic   Hysteresis.    H. 

Jordan « 271 

AUotropy  of  Metals,  New  Thermo-electric  Method  for  Study  of. 

C.  Benedicks 625 

Alloy,  Acid-resisting  to  replace   Platinum  in  Bomb  Calorimeter. 

S.  W.  Parr 26a 

Alloys,  see  also  separate  section. 

Aluminium,  Action  of  Nitric  Acid  on.    R.  Seligman  and  P.  Williams  1093 

„         ,  Binary  Alloys  of.    H.  Schirmeister  1171 

„         ,  Preparation    of.     N.    Puschin,    E.   Dischler,  and    M. 

Maksimenko  47$ 

Antimony,  Physico-chemical  Studies  of.    E.  Cohen  and  J.  C.  van 

den  Bosch  622 

Brass,  Cold- worked  a,  Recrystallisation  of,  on  Annealing.    C.   H. 

Mathcwson  and  A.  Phillips 486 

Bronze,  Cast,  Microscopical  Changes  accompanying  Annealing  of. 

H.  S.  Rawdon    624 

Carbides  of  Aluminium,  Nickel,  and  Copper.     E.  Briner  and   R. 

Senglet    1298 

Cast  Iron,  Bending  Elasticity  of.    A.  Ono 274 

Cementation  of  Iron,  Study  of.    S.  A.  Fechtchenko-Tchopovsky ,  130a 

Cementite,  Magnetic  Transformation  of.    K.  Honda  and  H.  Takagi  241 
Cobalt  and  Carbon.     High-temperature  Investigations.    VIII.    O.^ 

RuflF  and  F.  Keilig 621 

Compression  Tests,  Behaviour  of  Iron  during.     H.  Monden 277 

Cooling  Curves,  Interpretation  of.     H.  Hanemann 575 

Copper  and  Bronze,  Effect  of  Drawing  and  Annealing.    W.  Miiller.  275 

„        „     Lead,  Reciprocal  Solubility  of.    B.  Bogitch  117 

„     ,  Annealed,  Brittleness  of.    W.  E.  Ruder 1088 

„     ,  Cold -working  of.    L.  Guillet  49a 

„     ,  Electrolytic.    Metallographic  Studies.    M.  v.  Schwarz  1303 

„     ,  „  Lake,  Comparisons  between.  C.  H.  Mathewson 

and  E.  M.  Thalheimer 1169 
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Metallof^raphy  and  Properties  of  Metals,  continued. 

Copper-Nickel  and  Cobalt  Alloys.    M.  Waehlert 626 

„     ,  Supposed  Allotropy  of.    G.  K.  Burgess  and  I.  N.  Kellberg...    387 
„        -Tm  Alloys  in  Solid  State,  Transformations  occurring  in. 

P.  Slavinsky   1087 

„        -Zinc  Alloys,  Hardness  of.    D.  Meneghini 485 

„  „     and  Copper-Tin  Alloys,  Structure  of.    W.  Broniewski  1085 

Corrosion  of  Iron.    K.  P.  Grigorowitch J92 

„  Metals,  Ferrous  and  Non-ferrous 827 

„  „     :  Third  Report  to  Corrosion  Committee.    W.  E. 

Gibbs,  R.  H.  Smith,  and  G.  D.  Bengough  1307 

„       of  Molybdenum  Steels,  Experiments  on.    L.  Aitchison   ...     120 

„       of  Steel,  Theory  of .    L.  Aitchison 1168 

„        Resistance  of  Copper  Steel,  Research  on.    D.  M.  Buck 

and  J.  O.  Handy , 825 

Elastic  Strength  of  Metals.    F.  C.  Thompson  273 

Endurance  of  Metals  under  Alternating  Stresses.    B.  P.  Haigh  747 

Etching  Reagents  and  their  Applications.    O.  F.  Hudson 142 

Forging  of  Wrought  Iron  and  Mild  Steel :  Influence  of  Mechanical 

Work.    O.  Fuchs 272 

Grain-size  in  Metals,  Determination  of.    Z.  Jeffries,  A.  H.  Kline,  and 

E.  B.  Zimmer 393 

Iron  and  Carbon.    High-temperature  Investigations.    VII.    O.  Ruff 

and  W.  Bormann 620 

„    and  its  Alloys,  Influence  of  Vanadium  and  Titanium  on.    N. 

Tchigevsky  and  N.  Blinow 1306 

„    and  Molybdenum,  Addendum  on  Alloys  of.    R.  A.  Hadfleld    ...  400 

„      „    Steel,  Influence  of  Nitrogen  on.    N.  Tschischewski  258 

„      „       „    .  Phosphorus  in.    W.  H.  Hatfield   259 

„    -Carbon  Alloys,  Pseudo-Eutectic  Temperature  of.    O.  Ruff  and 

W.  Bormann 1301 

„    -Carbon  and  Pure  Iron  Alloys,  Preparation  of.    J.  R.  Cain,  E. 

Schramm,  and  H.  E.  Cleaves 735 

„    -Carbon  Equilibrium  Diagram.    O.  Ruff  1302 

„    ,  Molybdenum,  and  Carbi)n,  Relations  of.    J.  O.  Arnold  and 

A.  A.  Read 399 

„    ,  Pure,  Influence  of  Oxygen  on  Properties  of.    W.  Austin    401 

„    ,     „  ,  Transformations  of 826 

„    ,  Thermoelectric    Measurement  of  Critical  Points  of.    G.   K. 

Burgess  and  H.Scott  131 

Lead,  Allotropic  Modification  of.     H.  Heller  4] 

Manganese   and    Carbon.     High-temperature    Investigations.     V. 

O.  Ruff  and  W.  Bormann  618 

„  -Nickel  Alloys.    A.  D.  Dourdine  123 

Martensite,  Position  of,  in  Iron-Carbon  Diagram.    W.  Broniewski...  1167 
Mercury,  Boiling,  Solutions  of  Metals  in.      E.  Beckmann  and  O. 

Liesche    629 

Metallic  Crystal  Twinning   by  Direct  Mechanical   Strain.    C.  A. 

Edwards 388 

Microscopy  of  Metals  by  Polarised  Light.     H.  Hanemann   550 

Molten  Metals  and  Alloys,  Viscosity  and  Density  of.    M.  Pliiss  i<»3 

Ni-Al  and  Cn-Ni-Al  Alloys,  Properties  of.    A.  A.  Read  and  R.  H. 

Greaves  256 

Nickel  and  Carbon.       High-temperature  Investigations.      VI.     O. 

Ruff  and  W.  Bormann 619 

Platinum  and  its  Alloys,  Substitutes  for.    F.  A.  Fahrenwald 383 

Problems  in  Metallurgy  at  Bureau  of  Standards.    G.  K.  Burgess 1309 

Proportional  Limit  of  Metals.    A.  N.  Mitinsky    270 

I^iography  of  Metals.    W.  P.  Davey  .'. 616 

Steel  Forcings,  Large,  Cause  of  "Ghost  Lines"  in.    J.  O.  Arnold  ...  391 

„      for  U.S.  Naval  Ordnance,  Metallography  of.    H.  E.  Cook ^82 

„      under  Biaxial  Loading.    A.  J.  Becker 852 
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Metallography  and  Properties  of  Metals,  continued. 

Slecl,  Acid,  Slag  Enclosures  in.    Structure  of  Ni  Steel.    F.  Giolitti 

and  S.  Zuolena 1305 

„   ,  Alloy,  of  Special  Composition.    J.  B.  Rhodes    390 

„    ,  Alumina  in.    G.  F.  Comstock    398 

„    ,  Alumina  Inclusions  in.    A.  Sauvcur 1304 

„    ,  Annealed,  Properties  of .    T.  Matsuda 1077 

„    ,  Eutectoid,  Hardening  and  Tempering  of.     H.  M.  Howe  and 

A.  G.  Levy 1.394 

„    ,  Heterogeneity  of.     H.  le  Chatelier  and  J.  Lemoine 119 

„    ,  High-speed  Tool-,  Hardening  and  Tempering  of.  C.  A.  Edwards 

and  H.  Kikkawa    257 

„    ,  Low-Carbon,  Efifect  of  Sulphur  on.    C.  R.  Hayward  1305 

Steels  containing  High  Proportions  of  Nickel.    G.  Colonnetti 1084 

„     ,  Alloy,  Action  of  Sulphuric  Acid  on.     L.  Aitchison 824 

„     ,  Boron.    G.  Hannesen   623 

„     ,  Carbon  :  Influence  of  Heat-treatment  on  Resistance   and 

Constitution.    E.  D.  Campbell 403 

„     ,  Carbon,  Effect  of  Carbon  on  Properties  of.    J.  H.  Nead 389 

„     ,  Related  Nickel,  Invar  and 952 

„     ,  Special,  Transformations  of,  at  High  Temperatures.   K.Honda, 

K.  Tawara,  and  H.  Takagi n6i 

Surface-tension  Effects  in  Metals.    F.  C.  Thompson  1098 

Transition  of    Metals  Sn,  Zn,   Bi,  Cd,  Cu,  Ag,   Pb  and  Sb.    E. 

JSlnecke   1174 

Tungsten-Molybdenum  Alloys.    Z.  Jeffries    1086 

„  „  System.    F.  A.  Fahrenwald   951 

Vanadium,  Metallic,  Preparation  of.    R.  Edson  and  D.  Mcintosh  ...    731 

X-rays,  Examination  of  Metals  by.    H.  Pilon   886b 

Zinc- Bronze,  Standard  Test  Specimens  of.  C.  P.  Karr,  H.  S.  Rawdon    953 
Meteorology. 

Aerology,  New  Units  in.    A.  McAdie 647 

Air,  Upper,  Illusions  of.    N.  Shaw  6^8 

Aqueous  Vapour,  Transparency  of.    F.  E.  Fowle 289 

Atmosphere,  Circulation  and  Temperature  of.    W.  H.  Dines 525,  13 19 

„  ,  Horizontal  and  Vertical  Movement  in.     M.  Tenani 989 

„  ,  Optical  Deterioration  of,  in  1916.    J.  Maurer  1321 

Atmospheric  Pollution.    W.  P.  Wynne 165 

„  „  in  English  and  Scottish  Towns.    J.  B.  C. 

Kershaw 21 

„  Transmission.    F.  W.  Very  1203 

Balloon  Ascents,  Registering,  at  Batavia,  Results  of.    W.  van  Bem- 

melen  3197 

Barograms,  Harmonic  Analysis  of.    F.  Vercelli  .^        5 

Blue  of  Sky  and  Avogadro's  Constant.    D.Pacini  ^    286 

Circumhorizontal  Arc  Observed.    J.  T.  Gray    1325 

Cloudiness,  Mean,  Distribution  of,  over  France.    G.  Bigourdan 991 

Convection,  Planetary  System  of.    W.  R.  Blair   1324 

Free  Air  Data,  Fort  Omaha,  July,  1914.    W.  R.  Blair 1320 

Hail,  Remarkable  Fall  of,  in  Maryland.    O.  L.  Fassig    529 

Halo  of  May  20,  1915,  Analysed.    C.  S.  Hastings 645 

Haloes  :  Relation  to  Subsequent  Precipitation.     H.  H.  Martin    1107 

Hottest  Region  in  United  States.    G.  H.  Willson 18 

Hurricane,  Tropical,  of  Sept.  29,  1915,  in  Louisiana.     I.  M.  Cline  ...    522 
Kata    Thermometer    as  Measure  of    Bodily  Comfort.      C.  E.  A. 

Winslow 862 

Moisture,  Distribution  of,  in  Atmosphere.    W.  R.  Blair 523 

Periodicities,  Apparent,  of  Accidental  Phenomena.    T.  Tereda  1185 

Precipitation,  Cyclonic,  Distribution  of.    T.  Tcrada   530 

,        „       ,  ,,  of,  in  Japan.    T.  Terada 755 

Pyranometer  for  Measuring  Sky  Radiation.    C.  G.  Abbot  and  L.  B. 

Aldrich    1322 
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Mbteorology,  continued. 

Radiation  received  from  Sun  and  Sky  at  Madison.     H.  H.  Kimball 

and  E.  R.  Miller  1323 

Rainbows,  Ground.    A.  E.  Heath,  C.X.  Whitmell,  C.  G.  Knott    526 

„        ,  Horizontal,  on  Lake  Mendota.    C.  Juday 1108 

_\      Rainfall  of  California.    A.  G.  McAdie 990 

Rain-gauge  Exposures.    W.  G.  Reed 524 

Seasonal  Correlations,  Researches  in.    T.  Okada 992 

See-saw  of  Pressure  between  Weddell  Sea  and  Ross  Sea.    R.  C. 

Mossman 19 

Snow,  Disappearance  of,  in  California.    A.  J.  Henry  1320 

*„    ,  Melting  of.    R.  E.  Horton 996 

Solar  Activity  and  Atmospheric  Optical  Phenomena.    J.  Maurer 532 

„     Radiation  at  Arequipa.    C.G.Abbot   995 

„  „        Measurements  at  Santa  Fe.     H.  H.  Kimball 527 

'    '      Storm  Frequency  Change  in  United  States.    H.  Arctowski  528 

Sunshine  Receiver,  Callendar,  Source  of  Error  in.    E.  R.  Miller 20 

Terrestrial  Radiation.  Transmission  of.    F.  VV.  Very 864 

Twilight  Phenomena.    P.  Gruner ^^99 

Underground  Temperature,  Diurnal  Variation  of.    S.  Sato  287 

Wind  Observations,  Working  up.    J.  W.  Sandstrom  646 

'      „     Velocity  and  Elevation.    W.J.Humphreys  993 

Winds,  Trade,  of  North  Atlantic,  and  Temperature  in  Europe.  P.  H. 

Galle 994 

Miscellaneous  (Chemical  Physics  and  Electro-Chemistry). 
Absorption,  see  separate  section. 
Acheson  Graphite  and  Magnesia,  Reaction  between.    O.  L.  Kowalke 

and  D.  S.  Grenfell    121 

Atomic  Weights,  see  section  Molecular  Physics. 

Brownian  Movements,  see  section  Molecular  Physics. 

Carbon,  Colloidal,  Preparation  and  Properties  of.  P.  C.  L.  Thorne...    739 

Colloidal  Gold,  Zsigmondy's,  Preparation  of.    K.  Hiege 476 

,    .       Colloids,  Electrical  Synthesis  of.    H.  T.  Beans  and  H.  E.  East- 
lack  ^ 255 

Compounds  of  Iron,  Manganese,   Lead,  and  Metals  of  Group  II. 

S,  U.  Pickering 736 

Conductivity,  see  section  Conductivity  and  Resistivity. 

Crystals  (except  Liquid  and  Mixed  Crystals),  see  section  Molecular 

Physics. 
Diffusion,  see  separate  section. 
Dissociation  and  lonisation,  see  separate  section. 
Electric  Furnace  Processes,  see  separate  section. 
Electrical  Phenomena  at  Surface  between  Solutions  and  Insulators. 

G.  Borelius 1397 

'  Electrodes,  Normal,  see  section  Batteries,  Primary. 
Electrolysis,  see  separate  section. 
Electrolytic  Analysis,  see  separate  section. 

Emulsification,  Theory  of.    VIII.    W.  D.  Bancroft 491 

Equilibrium,  Chemical,  see  section  Chemical  Equilibrium. 

Fibrox.    E.  Weinh-aub   887B 

„     ,  Electrical  Properties  of.    E.  F.  Northrup  888b 

Gas  Reactions,  Theory  of.     H.  Lowy  r 125 

Gases,  for  Gaseous  Laws,  see  separate  section. 

Glass,  Electrochemical  Action  on.    F.  F.  S.  Bryson   840 

„    ,  Optical.    W.  Rosenhain 1234 

Hydrogen  and  Oxygen,  Combining  Volumes  of.    F.  P.  Burt  and 

E.  C.  Edgar   947 

„        Atom,  Mode  of  Union  of  Electrons  in.    J.  Stark  , 1296 

lonisation,  see  section  Dissociation. 

Isotopes  of  all  Chemical  Elements.    A.  van  den  Broek 1166 

Kathode  Rays,  Action  of,  on  Bismuth.    W.  P.  Jorissen  and  J.  A. 

Vollgraff 730 
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Miscellaneous  (Chemical  Physics  and  Electro-chemistry),  continued. 

Liquid  Crystals,  Dissolution  and  Separation  of  Substances  and  of. 

O.  Lehmann 408 

„      Crystals,  Production  of  Movement  by  Molecular  Directive- 
force  in.    O.  Lehmann    405 

Molecular  Attraction,  see  section  Molecular  Ph3rsics. 

ft         Weights    of   Gases    by    Evaporation    Method.      H.    L. 
Trumbull    402 

Nitrogen,  Active  Modification  of.    VII.    R.  J.  Strutt 945 

Optical  Activity  and  Rotation,  see  section  Polarisation. 

Osmosis,  see  separate  section. 

Oxidation  and  Combination  of  Gases   by  Electric  Discharge,  see 
also  section  Discharge. 

Phase    Rule,   see   sections   Chemical    Equilibrium    and    Thermo- 
dynamics. 

Phosphorus,  Black.    P.  W.  Bridgman   492 

Platinum,  Volatilisation  of.    G.  K.  Burgess  and  R.  G.  Waltenberg ...  1297 

Radio-elements,  Behaviour  of,  in  Precipitation  Reactions.    K.  Fajans 

and  F.  Richter  568 

Radium,  Extraction  of,  from  Carnotite  Ores.    H.  Schlundt  950 

Slimy  Crystalline  Liquids,  Structure  of.    O.  Lehmann   473 

Solution  and  Solubility,  see  separate  section. 

Thermo-chemistry,  see  also  section  Miscellaneous  (Heat). 

Thermodynamic  Investigations,  see  section  Thermodynamics. 

Vapours ;  for  Gaseous  Laws  see  section  Gases. 

Viscosity,  see  separate  section,  also  section  Solution. 
Miscellaneous  (Electricity  and  Magnetism). 

Alternate-current  Research,  see  separate  section. 

Analogies,    Mechanical,    in    Electricity   and    Ms^netism.     W.   S. 

Franklin 1060 

Arc,  Electric,  see  section  Discharge. 

Atmospheric  Electricity,  see  section  Static  Electricity. 

Capacity  (Electrostatic),  see  separate  section. 

Cells,  voltaic,  see  section  Batteries,  Primary. 

Condensers,  see  also  sections  Capacity,  Dielectrics  and  Discharge. 

Conductivi^  (Electric)  and  Resistivity,  see  separate  section. 

Contact  Electricity,  see  section  Batteries,  Primary. 

Crookes  Tubes,  see  section  Discharge. 

Crushing  of  Copper  Tube  by  Lightning.    W.  J.  Humphreys  590 

Dielectrics,  see  separate  section. 

Discharge  (Electric),  see  separate  section. 
„  Kays,  see  section  Rays. 

Earth  Currents,  see  section  Terrestrial  Magnetism  and  Electricity. 

Electrification,  see  section  Static  Electricity. 

Electromagnetic  Theory,  see  separate  section. 

Electrostatics,  see  section  Static  Electricity. 

Field,  Magnetic,  see  section  Magnetism. 

Filaments  heated  electrically  in  Volatile  Liquids,  Experiments  with. 

S.  W.  J.  Smith   374 

Force  exerted  between  Coaxial  Circular  Current-carr5ring  Conductors. 

F.  W.  Grover 716 

Galvanometers,  see  sections  Apparatus  and  Measurements. 

Hall-e£Fect,  see  section  Magnetism. 

Hysteresis,  see  section  Magnetism. 

Induction,  Magnetic,  see  section  Magnetism. 

„         (Self  and  Mutual),  see  separate  section. 

Interrupters,  see  also  section  Apparatus  (Electrical). 

Kathode  Rays,  see  section  Rays. 

Light-sensibility  of  Copper  Oxide.    A.  H.  Pfund  234,  717 

Lightning,  see  section  Static  and  Atmospheric  Electricity. 

Magnetism,  see  separate  section. 

Measurements,  see  separate  section. 
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Miscellaneous  (Electricity  and  Magnetism),  continued.* 
Permeability,  see  section  Magnetism. 
Photoelectric  Cells,  see  section  Batteries,  Priniary. 

Piezoelectric  Phenomena,  Theory  of.    W.  Voigt 238 

Polarisation  (Electrolytic),  see  separate  section. 
Rontgen  Rays,  see  section  Rays. 

Selenium  Crystals,  Light-sensitiveness  of.    K.  }.  Dieterich    809 

„       ,  Effect  of  Temperature  on  Light-sensitiveness  of.    E.  O. 

Dieterich 1150 

Specific  Inductive  Capacity,  see  section  Dielectrics. 

Sputtered  Film,  Change  in  Resistance  of,  after  Deposition.    E.  W. 

Hobbs 1071 

Static  Electricity,  see  separate  section. 

Telegraphy,  see  Section  B. 

Telephony,  see  Section  B. 

Terrestrial  Magnetism  and  Electricity,  see  separate  section. 

Thermo-Electncity  and  Magnetism,  see  separate  section. 

Tubes,  Vacuum,  see  sections  Discharge  and  Apparatus. 

Units,  Electromagnetic.    M.  Ascoli 359 

Voltaic  Action,  see  section  Batteries,  Primary. 
Voltameters,  see  section  Electrolysis. 
Waves,  see  section  Oscillations  and  Waves. 
Wireless  Telegraphy,  see  Section  B,  also  section  Oscillations. 
X-Rays,  see  section  Kays. 
Miscellaneous  (General  Physics). 

Aerodynamics,  see  section  Dynamics. 

Alignment  Charts  for  Additive  Expressions,  Plotting  of.    C.  E.  P. 

Sankey 1183 

Alloys,  see  separate  section. 

Astronomy,  see  separate  section. 

Atomic  Weights,  see  section  Molecular  Physics,  Matter  and  Ether. 

Brownian  Motions,  see  section  Molecular  Physics. 

Capillarity,  see  section  Surface  Tension. 

Critical  Constants,  see  section  Critical  Points. 

Deformation,  see  section  Elasticity. 

Di£Eusion,  sec  separate  section. 

Dynamics,  see  separate  section. 

Elasticity,  see  separate  section. 

Equations,  Physical,  Homogeneity  of.    R.  C.  Tolman    976 

Ether,  see  section  Molecular  Physics,  Matter  and  Ether. 
Expansion,  see  section  Dilatation. 
Gravity,  see  separate  section. 

Harmonic  Analysis.    H.  O.  Taylor  7 

„         Function,   Damped,   Kinematic    Representation  of.     A. 

Guillet 1097 

History  of  Science,  Teaching  of.    F.  E.  Brasch 417 

Integration,  Graphical,  of  DilEerential  Equations  of  Higher  Orders. 

A.  Schwaiger 851 

Longitude,  Difference   of,  between    Paris   and    Washington.    B. 

Baillaud  697 

Measurements,  see  separate  section. 
Mechanical  Problems,  see  section  Dynamics. 
Metallography,  see  separate  section. 
Meteorology,  etc.,  see  separate  section. 

National  Physical  Laboratory  Annual  Report,  1915-1916  970 

Pressures  (High  and  Low),  see  separate  section. 
Rigidity,  see  section  Elasticity. 

Screw  Propeller,  Double,  for  Ships.     H.  Hass 984 

Similitude.  R.  C.  Tolman's    Principle  of.    [Mrs.]    T.    Ehrenfest- 

Afanassjewa  975 

Steam,  Efflux,  Velocity  and  SpeciBc  Heat  of,  see  sections  Gases  and 

Specific  Heat,  also  Section  B. 
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Miscellaneous  (General  Physics),  continued. 

Stress,  sec  sections  Elasticity  and  Metallography. 
Surface  Tension,  see  separate  section. 
Torsion,  see  section  Elasticity. 
Viscosity,  see  separate  section. 
Miscellaneous  (Heat). 

Boiling- Points,  see  section  Freezing-Points. 

Combustion  of  Explosive  Gas-Air  Mixtures  :  Pressure  Influence.    E. 

Terres  and  F.  Plenz 792 

Conductivity  (Thermal),  see  separate  section. 

Expansion,  see  section  Dilation. 

Explosions,  see  also  section  Gases. 

Flame,  Bunscn,  Combustion  in  Inner  Cone  of.    L.  Ubbelohde  and 

O.  Dommer    455 

„    ,  Bunsen,  Influence  of  Secondary  Air  on  Inner  Cone  of.    L. 

Ubbelohde  and  O.  Dommer  ...." 575 

Flames.    A.  Reis 456 

„      ,  Divided,   Hydrocarbon,  Inner  Cone  of.     N.  Bubnoff,  F. 

Haber 454 

Freezing-,  Melting-,  and  Boiling-Points,  see  separate  section. 
Gases  and  Vapours,  see  separate  section. 

Heats  of  Dilution  of  Concentrated  Solutions.    W.  S.Tucker 134 

„    of  Neutralisation  and  Theory  of  Quanta.    A.  HeydweiUer 344 

Ignition   of    Gases   by    Impulsive    Electrical    Discharge.    W.  M. 

Thornton    700 

„       of  Methane-Air  and  Hydrogen-Air  Mixtures  by  Impulsive 

Electric  Discharge.    S.  G.  Sastry 906 

Latent  Heat,  see  section  Specific  Heat. 

Measurements,  see  separate  section. 

Mechanical  Equivalent  of  Heat  by  Hirn's  Method.    L.  Hartmann ...  1254 

Melting- Points,  see  section  Freezing-Points. 

Photochemical  Reactions,  s^^  section  Miscellaneous  (Chemical  Physics). 

Pyrometry,  see  section  Thermometry. 

Specific  Heat,  see  separate  section. 

Temperature,  see  separate  section. 

Temperatures  (High  and  Low),  see  separate  section. 

Thermal  Relations,  Recalculation  of.    W.  Herz  574 

Thermodynamics,  see  separate  section. 
Vapour  Pressure,  see  separate  section. 
Miscellaneous  (Light). 

Absorption,  see  separate  section. 

Backgrounds,  Black,  for  Opaque  Microscopic  Objects.    J.  Mcintosh  1126 

Chromatic  Aberrations,  Corrections  of .    T.  Smith  877 

Colour,  Theory  of.    W.  Ostwald 1342 

Crookes  Tubes,  see  Tubes  (section  Discharge). 

Crystals,  Optics  of.    P.  P.  Ewald 670 

Diffraction,  see  section  Interference. 

Dispersion,  see  separate  section. 

Electromagnetic  Waves,  see  section  Oscillation  and  Waves. 

Eauation,  New  Fundamental,  in  Optics.    C.  W.  Woodworth  878 

Ether,   Relative  Motion  of,  see   also  sections  Molecular  Physics, 

Dynamics,  and  Interference. 

Firefly,  West  Indian,  Photometry  of.    W.  H.  Pickering    773 

Fluorescence,  see  section  Phosphorescence. 

Grating,  Concave,  Effect  of  Temperature  on.    R.  T.  Birge  551 

Image  Formation  by  Crystalline  Media.    H.  F.  Dawes 1125 

Index  of  Reflection,  see  section  Reflection. 
„     of  Refraction,  see  section  Refraction. 
Interference,  see  separate  section. 
Kathode  Rays,  see  section  Rays. 
Lens-mirror,  Concave,  used    in    Suychiro    Optical   Torsionmeter. 

K.Suyehiro "35 
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Miscellaneous  (Light),  continued. 

Lens,  Photographic,  Determination  of  Effective  Aperture  of  Stop  of. 

G.  F.  C.  Searle  317 

Lenses  and  Prisms,  see  also  sections  Dispersion,  Refraction  and 
Absorption  (Light). 

„        for  Light  Distribution.    T.  Smith 875 

Light-production  in  Animals,  Mechanism  of.    E.  N.  Harvey   123S 

Loschmidt  Number.    H.  Dember    772 

Measurements,  see  separate  section. 

Mechanical  Equivalent  of  Light     H.  E.  Ives  and  E.  F.  Kingsbury 

1121,  1227 

Objective,  Photographic,  Illumination  of  Field  of.     H.  C.  Lord  426 

Objectives,  Cemented,  Choice  of  Glass  for.    T.  Smith   876 

Photography,  see  separate  section. 
Photometry,  see  separate  section. 
Polarisation,  see  separate  section. 

Pressure  of  Light  by  Metal-foil.    G.  D.  West  1120 

Propagation  of  Light  through  an  Inhomogeneous  Medium.    R.  Gans      53 

Rays,  see  separate  section. 

Reaction,  Apparent  Lateral,  between  crossing  Pencils  of  Light. 

C.  Barus 554 

Reflection,  see  separate  section. 

Refraction,  see  separate  section. 

Rontgen  Rays,  see  section  Rays. 

Rotatory  Polarisation,  see  section  Polarisation. 

Thin  Metal  Layers,  Optical  Constants  of.    B.  Pogdny 813 

Transparency,  see  section  Absorption. 

Tyndall  Effect  and  Size  of  Colloidal  Particles.    W.  Mecklenburg  ...    A27 

Visibility  of  Revolving  Light  Beams,  Limit  of.    A.  Blondel 568B 

Wave  Motion,  Impulsive  Production  of.     L.  Zehnder   55 

X-rays,  see  section  Rays. 
Molecular  Physics,  Matter  and  Ether.* 

Atom  and  Molecule.    G.  N.  Lewis   946 

„      Model,  Bohr's.    M.  Wolfke    856 

„    ,  Bohr's  Model,  and  Maxwell's  Equations.    C.  W.  Oseen... 158 

„    ,  Magneton  Theory  of  Structure  of.    A.  L.  Parson 154 

Atoms,  Complex,  Changes  of  Mass  in  Formation  of.    W.  D.  Harkins 

and  E.  D.  Wilson 127 

„     ,  Complex,  Structure  of.    W.  D.  Harkins  and  E.  D.  Wilson  ...     120 
Atomic  Formation  in  Energy-changes.    W.  D.  Harkins  and  E.  D. 

Wilson 381 

„       Weight  of  Radium  Emanation.    S.  C.  Lind   691 

„  „      of  "  Uranium- Lead."     O.    Honigschmid     and     S. 

Horovitz 446 

„    Weights  and  Movement  of  Atoms,  Relation  between.    P.  P.  v. 

Weimarn 480 

„    Weights  and  Radio-active  Constants,  Relation  between.    F.  G. 

Carruthers 335 

Avogadro's  Constant,  and  Blue  of  Sky.    D.  Pacini  286 

Brevium:  New  Element.    O.  H.  Gohring 788 

Brownian  Motions,  Experiments  on.    D.  Konstantinowsky  11 

„  „        ,  Experiments  on  Particles  with.    E.  Schrodinger      10 

„  Movement.    J.  D.  van  der  Waals,  Jr.,  and  [Miss]  A. 

Snethlage   085 

„  Movement  in  Gases.    [Miss]  A.  Snethlage    857 

„  „         „      „     ;  Sub-electrons.    A.  Targonski 156 

„  „        of  Particles  of  Oil,  Sn,  and  Cd  in  Gases.     A. 

Schidlof  and  A.  Targonski 1099 

„  Movement    under    Action    of    External    Forces.    M.  v. 

Smoluchowski   518 

Clustering-tendency  of  Molecules  in  Critical  State.    F.  Zernike  881 

Cohesion.    II.    H.  Chatley  , 1189 
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Molecular  Physics,  Matter  and  Ether,  continued. 

Colloidal,  Particles,  Process  for  determining  Shape  of.    H.  Diessel^ 

horstand  H.  Freundlich 1090 

Colloidal  Particles,  Size  of,  Tyndall  Effect  and.    W.  Mecklenburg...    427 

Crystal  Analysis,  Results  of .    L.  Vegard 1041 

„      -forces  and  Crystals.    F.  E.  Wright 986 

Crystals,  Formation  of,  in  Magnetic  Field.    A.  Tveten 1080 

„      ,  Growth  of,  under  External  Pressure.    S.  Faber  859 

„      ,  Isomorphous,  Rontgen-patterns  of.    F.  M.  Jaeger  and  H. 

Haga   1045 

„      ,  Silver,  Structure  of .    L.  Vegard  155 

„      ,  Tetragonal,   Rontgen-patterns  of.     H.   Haga  and  F.  M. 

Jaeger 1044 

Density  of  Lead  from  Radio-active  Minerals.    T.  W.  Richards  and 

C.  Wadsworth   569 

Doubly  Refractive  Sol  of  Vanadium  Pentoxide.     H.  R.  Kruyt 11 19 

Electrons,  see  section  Electromagnetic  Theory. 

"  Grating-space"  in  Rock-salt  and  Sylvine  Crystals.    E.  Wagner  ...  1040 

Hydrogen  Atom  and  Quantum  Theory.    J.  Ishiwara 97 

„  „    ,  Number  of  Electrons  in.    J.  Stark   1290 

„  Molecule  of  Bohr  and  Debye.   [Miss]  H.  J.  van  Leeuwen    754 

,,  „        ,  Electron  Optics  of.    A.  Heydweiller  181 

Kinetic  Theory  of  Gases,  see  also  section  Gases. 

Loscbmidt  Number.    H.  Dember   772 

Molecular  Attraction.    II.    K.  K.  Jarvinen   472 

.    XII.    J.  E.  MiUs 254 

Molecular  Configuration.    H.  Ramsay   1082 

Molecule,  Formation  of,  as  Question  of  Structure  of  Atom.   W.  Kossel    641 
Molecules,  Reflection,  Evaporation,  and  Condensation  of.    I.  Lang- 

muir iioi 

Periodic  System  and  Properties  of  Elements.    W.  D.  Harkins  and 

R.  E.  Hall  471 

Periodic  System  of  Elements.    K.  Fajans 253 

Radium-D  and  Lead,  Chemical  Identity  of.    G.  v.  Hevesy  and  F. 

Paneth r, 445 

Similitude,  Dynamical :  Application  to  Physics.    W.  B.  Hardy  90 

X-rays,  Interference  of,  employing    Amorphous  Substances.      P. 

Debyeand  P.  Sherrer 1130 

Oscillations  and  Waves  (Electric),  see  also  sections  Rays  and  Dis- 
charge, and  section  Telegraphy  (Wireless)  in  Section  B. 
Antennas,  Radium.    Influence  of  Proximity  of  Radium  upon  Signal 

Reception.    E.  Leimer  183B 

Arc  Oscillations  in  Coupled  Circuits.     H.  Yagi    803B 

Coils  with   Distributed  Capacity,  Electromagnetic  Waves  in.    M. 

Siegbahn 1067 

Coupled  Circuits,  Amplitude  Relations  in.    E.  L.  Chaffee 640B 

„  „      ,  Frequencies  and  Coupling  Coeflicients  in.  G.  W.  O. 

Howe 867B 

„        Circuits,  Single-wave  Oscillations  in.    B.  Mackfi 7A4B 

Depolarisation  by  Electric  Waves.    W.  D.  Bancroft 842 

Detector,  Electric  Wave  ;  Variation  of  Resistance  with  Voltage  at 

Rectifying  Contact    D.  Owen 929 

„       ,  Electrolytic.    Etienne 643B 

„       ,  Silicon,  Law  of  Response  of.    L.  S.  McDowell  and  F.  G. 

Wick    1387 

Detectors,  Contact,  Phenomena  Operative  in.    R  Rinkel 1156 

„       ,  Crystal,  Characteristics  of.    V.  A.  Hunt  and  L.  E.  Whittc- 

more , 576B 

Dielectric  Bodies,  Purely,  Electric  Oscillations  on.    E.  Duhem 927 

„         Wires,  Electric  Waves  on.    H.  Zahn  928 

Insulating  "  Wires,"  Electric  Waves  along.     H.  Zahn    367 

Mercury- vapour  Tubes,  Electrical  Oscillations  from.  B.  Liebowitz...    464 
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Oscillations  and  Waves  (Electric),  continued. 

Pliotron  Oscillator.    W.  C.  White qajb 

Poulsen-arc  Generator,     N.  W.  McLachlan §66b 

Radiation  of  Sparks  from  Oscillators.    J.  de  Kowalski    103 

Radio  Communication,  Radiation  and  Propagation  in.    F.  Lowen- 

stein ^ io66 

Telephonic  Measurements  in  Radio  Receiver.    ].  Zenneck 8o6b 

Theory  of  Electric  Oscillations.     P.  Duheni 1386 

Thin  Straight  Conductor,  Wave-length  of  Electrical  Vibration  along. 

J.  A.  Pollock  368 

Transmission,  Electric  Wave,  on  Earth's  Surface.   H.  M.  Macdonald  1385 

Waves,  Physical,  of  Simple  Vibration  Type.     K.  Uller 854 

Osmosis. 

Osmosis,  Surface  Forces  in,  and  Structure  of  Semi-permeable  Mem- 
branes.   F.  Tinker  830 

Osmotic  Pressure  and  Concentration  in  Solutions  of  Electrolytes. 

S.  J.  Bates  131 

„        Pressure  or  Osmotic  Suction — which  ?    F.  Tinker ,.    834 

„  „       ..Remarks  on.    J,  J.  van  Laar 396 

Phosphorescence  and  Fluorescence. 

Calcium  Sulphide,  Phosphorescent,  Preparation  of.    P.  Breteau 199 

Firefly,  Nature  of  Photogenic  Substance  in.    E.  N.  Harvey 673 

Fluorescence  and   Light  Absorption.    E.  C.  C.   Baly  and  F.  G. 

Tryhorn  782 

„  of  Pleochroic  Crystals  of  Uranyl  Salts.    E.  L.  Nichols 

and  H.  L.  Howes 1349 

„  of  Sulphiu:,  Selenium  and  Tellurium  Vapours.     D. 

Diestelmeier  438 

„  Spectrum,   New,    of   Uranyl  Ammonium    Chloride. 

E.  L.  Nichols  and  E.  Merritt 75 

Fluorescent  and  Intensifying  Screens.    L.  A.  Levy 329 

„  Vapours    and    their    Magneto-optic    Properties.      L. 

Silberstein  1348 

Fluorescing  Sodium  Uranyl  Phosphate.     H.  L.  Howes  and  D.  T. 

Wilber 670 

Phosphorescence,  Excitation  of,  by  Canal  Rays.     K,  Riichardt    198 

Photography. 

Exposure,  Calculation  of.    C.  E.  K.  Mees  185 

Illuminants,  Artificial,  for  Photography.     K.  Mees  60 

„         ,  Photographic  EfiRcicncy  of.    L.  A.  Jones,  M.  B.  Hodgson, 

and  K.  Huse  6i 

Latent  Image  and  Reversal,  Theories  of.     E.  P.  Wightman 190 

Lenses  and  Objectives,  sec  section  Refraction. 

Mirrors,  Nickelled  Glass,  for  U.V.  Photography.     R.  W.  Wood   57 

Opacity  of  Diffusing  Media:    O.  Bloch  and  F.  F.  Renwick  428 

Photochemical  Sensitiveness  and  Photochemical  Conductivity.    M. 

Volmer    1239 

Plate,  Photographic,  Action  of  Light  and  of  X-rays  on.    J.  K.  A.  W. 

Salomonson    186 

Plates,  Photographic,  Resolving  Power  of.    O.  Tugman    59 

Platinotype  Papers,  Satista  and  other.    W.  H.  Smith 184 

Rontgen  Rays,  Photographic  Action  of,  see  section  Rays. 

Sensitometry  of  Process  Plate<.    C.  E.  K.  Mees  i8j 

Sharpness  of  Photographic  Images,  Measurement  of.    O.  Tugman      50 

Spectrum  Photography,  Colour  Filter  for.    M.  Luckiesh  1030 

Photometry. 

Black"  Body  as  Light  Source  between  2000°  and  10,000°  Abs.    A.  R. 

Meyer 182 

„      Body,  Candle-power  of.     E.  P.  Hyde,  F.  E.  Cady,  and  W.  E. 

Forsythe 558 

Brightness    Discrimination    Threshold,    Heterochromatic.      L.    T. 

Troland    1124 
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Photometry,  continued. 

Establishment  of  Photometry  on  Physical  Basis.    H.  E.  Ives 321 

Firefly,  West  Indian,  Photometry  of.    W.  H.  Pickering    773 

Flames,  Effect  of  Atmospheric  Pressure  on  Candle-power  of.    E.  B. 

Rosa,  E.  C.  Crittenden,  and  A.  H.  Taylor  559 

Flicker  Frequency  as  affected  by  Colour.    L.  T.  Troland 880 

„       Photometer,  Theory  of.     H.  E.  Ives  and  E.  F.  Kingsbury  ...    320 
Hefner  Lamp,  Variation  of,  with  Atmospheric  Conditions.    E.  Ott...      63 

Illumination  from  Radiating  Disc.    P.  D.  Foote 557 

Industrial  and  Technical  Photometry,  see  Section  B. 

Light  EfiBciency  of  Black-body  Radiation.    A.  R.  Meyer 675 

Luminosity  of  Black  Body.    P.  D.  Foote  and  C.  O.  Pairchild 702 

Photometry,  Heterochromatic,  by  Crova's  Method.    H.  E.  Ives  and 

E.  F.  Kingsbury    179 

Standard  of  Light,  Platinum.     H.  E.  Ives 1122 

Stellar  Photometry,  Selenium.    T.  Stebbins  871 

Thermoelectric  Photographic  Photometry.    H.  T.  Stetson loio,  loii 

Thermopile,  Use  of,  for  Physical  Photometry.    H.  E.  Ives  and  E.  F. 

Kingsbury  62 

Tungsten  Filaments,  Properties  of.    I.  Langmuir    322 

„         Lamp,  Mechanical  Equivalent  of  Light  from.    T.  Peczalski    674 

Violle  Standard,  Modification  of.     H.  E.  Ives  1343 

Zodiacal  Light,  Photography  of.    A.  E.  Douglass   424 

Polarisation  (Electrolytic). 

Overvoltage,  see  section  Electrolysis. 
.Passivity,  see  section  Electrolysis. 
Polarisation  (Light,  including  Magnetic  Rotation). 

Anomalous  Dispersion  of  Rotatory  Power  and  Circular  Dichroism. 

G.  Bruhat   .• Ati 

Circular  Polarisation  produced  by  Spherolites.    P.  Gaubert 084 

Liquids  and  Gases,  Optical  Activity  of.    F.  Gray 883 

Magnetic     Rotary    Dispersion    and     Electronic    Theory.     S.    S. 

Richardson  560,  886 

„         Rotation  in  Titanium  Tetrachloride.    L.  H.  Siertsema 432 

Rotation  of  Plane  of  Polarisation  in  Crystals  and  Liquids.    C.  W. 

Oseen  , 188 

Sucrose,  Specific  Rotation  of.    F.  fiates  and  R.  F.  Jackson  885 

Pressures,  High  and  Low. 

High  Pressures,  Reduction  of  Metallic  Oxides  with  Hydrogen  at. 

E.  Newbery  and  J.  N.  Pring  481 

Negative  Liquid  Pressure  at  High  Temperatures.    S.  Skinner 983 

Spectra,  Arc  and  Spark,  of  Nickel  under  Pressure.    E.  G.  Bilham ...    323 
Radio-activity. 

Allanite,  Radio-activity  of.    L.  S.  Pratt  790 

a-Particles,  Long-range,  from  Thorium.    E.  Rutherford  and  A.  B. 

Wood 689 

„       ,  Reduction  of  Velocity  of,  on  Traversing  Matter.     L. 

Fiamm  and  R.  Schumann  1354 

„       ,  Straggling  of.    W.  Makower   1353 

„       ,  Tracks  of,  from  Radium  A,  in  Photographic  Films.     H. 

Ikeuti  1047 

Atmosphere,  lonisation  of,  see  also  section  Static  Electricity. 

„  ,  Radio-active  Deposit  from,  on  Wire.    S.  J.  M.  Allen  ...    337 

Atoms  and  Electrons,  Radiations  from.    J.  J.  Thomson 676 

/8-Particles,  Absorption  of,  by  Air  and  COf.    A.  F.  Kovarik 333 

„         ,  Transmitted  and    Reflected,    Distribution    of.    A.    F. 

Kovarik  and  L.  W.  McKeehan    332 

/3-radiation  of  Radio-active  Substances  and  Photo-electric  Effect. 

P.  S.  Epstein 1132, 1356 

/3-rays,  Absorption  and  Diffusion  of,  in  Gases  and  Vapours.    £. 

Friman    

„    ,  Secondary,  Produced  by  partly-absorbed  y-Rays.   H.  F.  Biggs    7I 
For  the  Explanation  of  this  Index  sec  p.  555. 
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Radio-activity,  continued. 

/3-rays,  Theory  of.    H.  T.  Wolff    206 

Brevium:  New  Element    O.  H.  Gohring 788 

Carnotitc  Ores,  Extraction  of  Radiam-D,  from.    H.  Schlundt 950 

„       ,  Extraction  of  Ra,  Ur,  and  V,  from.    C.  L.  Parsons,  R.  B. 

Moore,  S.C.  Lind,  and  O.  C.  Schaefer t 1131 

Carnotites,  Radium/Uranium  Ratio  in.    S.  C.  Lind  and  C.  F.  Whitte- 

more .* 207 

Constants  of  Radio-activity.    G.  L.  Wendt    690 

„        ,  Radio-active,  and  Atomic  Weights,   Relation  between. 

F.  G.  Carruthers  335 

Emanation,  Radium,  Atomic  Weight  of.    S.  C.  Lind 691 

Fluctuations,  Radio-active — using  Unsaturated  Currents.      A.  Ernst  205 

tt  >  ft  >»  >t  if         •  "•    V* 

Schweidler 787 

7-Rays,  Structure  of.    J.  Kunz  334 

louisation  Tracks  of  Hydrogen  Particles.    D.  Bose    135^ 

„        ,  Residual.     K.  H.  Kingdon 1378 

„        ,  see  also  sections  Dissociation  and  Discharge. 
Isotopic  Elements.   II.,  III.   K.  Fajans,  G.  v.  Hevesy,  and  F.  Paneth    488 
Lead  from  Radio-active  Minerals,  Density  of.    T.  W.  Richards  and 

C.  Wadsworth    569 

Minerals,  Radio-activity  of.    I.  Pyromorphite.    M.  Bamberger  and 

G.  Weissenberger A49 

Monazite,  Thorium,  and  Mesothorium.    K.  L:  Kithel 693 

Penetrating  Radiation  in  Atmosphere,  see  section  Rays. 

Polonium- Hydrogen    Compound,   Probable  Existence  of.    R.  W. 

Lawson   789 

Radio-elements,  Behaviour  of,  in  Precipitation  Reactions.    II.    K. 

Fajans  and  F.  Richter 568 

„    -lesid  from  Norwegian  Cleveite,  Density  of.    T.  W.  Richards 

and  C.  Wadsworth   1250 

Radium-D  and  Lead,  Chemical  Identity  of.     G.  v.   Hevesy   and 

F.  Paneth   445 

„        D,    Recoil  of,  from  Radium  C.    A.   B.  Wood    and    W. 

Makower 78 

„     ,  Life  of .    E.Gleditsch 331 

Recoil  Atoms,  Charge  carried  by.     L.  Wertenstein 203 

Springs,  Ekaterine  and  Eugenie,  Radio-activity  of  Deposits  of.    E. 

Burkser   ^50 

„     ,  Hot,  Variation  of  Radio-activity  of.    A.  Steichen 692 

„     ,  Variation  of  Emanation  Content  of.    R.  R  Ramsey    451 

Thorium  Deposit,  Distribution  of,  in  Electric  Field.    G.  H.  Hen- 
derson      448 

„       Series,  Branching  of.    S.  Loria    447 

Transformations,   Radio-active,  Attempt  to  Influence  Rate  of.    J. 

Danyszand  L.  Wertenstein   204 

"Uranium-Lead,"   Atomic    Weight  of.     O.   Honigschmid  and  S. 

Horovitz 446 

UrX,  Influence  of  Foreign  Substances  on  Sorption  of,  by  Charcoal. 

H.  Freundlich  and  H.  Kaempfer 1164 

X-rays,  Velocity  of  Electrons  expelled  by.    C.  G.  Barkla  and  G. 

Shearer    79 

Rays  and  Radiation. 

Atoms  and  Electrons,  Radiations  from.    ].  J.  Thomson 676 

Black  Body  as  Light  Source  between  2000^  and  10,000^  Abs.    A.  R. 

Meyer  .-..• 182 

„    -body  Radiation,  Light  Efliciency  of.    A.  R.  Meyer 675 

„     Body,  Candle-power  of,  and  Mechanical  Equivalent  of  Light. 

E.  P.  Hyde,  F.  E.  Cady,  and  W.  E.  Forsvthe  558 

„     Body,  Constants  of  Spectral  Radiation  of.   W.  W.  Coblentz...  1201 
„        „    ,  Constant  of  Total  Radiation  from.    W.  W.  Coblentz  ...    581 
For  the  Explanation  of  this  Index  see  p.  555. 
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Rays  and  Radiation,  continued. 

Black  Radiation,  Absorption  6f,  in  Water- vapour  and  CO,  of  Air. 

W.  Gerlach 1258 

Brightness  Equations,  Black-body.    H.  E.  Ives  and  E^  F.  Kings- 
bury   1252 

Canal  Rays.    T.  Retschinsky 4 202 

„         „    ,  Excitation  of  Phosphorescence  by.    E.  Riichardt 198 

„        „    ,  Hydrogen.    R.  v.  Hirsch 893 

„        „    ,  True  Absorption  of.    W.  Wien 461 

Cr)rstal  Analysis,  Results  of.    L.  Vegard 1041 

Emission  of  Corpuscles  during  Chemical  Reactions.    I.    S.  Tanatar 

and  E.  Burkser 479 

„        ,  Electron,  during  Chemical  Reactions.    G.  Just  and  F. 

Haber 475 

Emissive  Power  of  Tungsten  at  Incandescent  Temperatures.    A.  G. 

Worthing   576 

Emissivity  of  Metals  and  Oxides.    IV.   Iron  Oxide.    G.  K.  Burgess 

and  P.  D.  Foote 87 

„         of  Metals  and  Oxides.    II.  Measurements.    G.  K.  Burgess 

.     and  R.  G.  Waltenherg 86 

„        ,  Monochromatic,  of  Radiators.    P.  D.  Foote 

Energy  Interchange  between  Matter  and  Ether.    T.  Wereide 

Flame,  Acetylene,  Distribution  of  Energy  in  Spectrum  of.    W.  W. 

Coblentzand  W.  B.  Emerson    1026 

Grey-body  Radiation,  Misconception  of  Criterion  for.     P.  D.  Foote 

and  C.  O.  Fairchild  703 

Grey  Radiation,  Criteria  for.    P.  G.  Nutting 1139 

Heat  Losses  from  Incandescent  Filaments  m  Air.    L.  W.  Hartman...    898 

Heated  Wire  in  Enclosure  of  Air,  Radiation  from.    T.  Barratt   214 

High-frequency  Spectra  of  Elements  Gold  to  Uranium.   M.  Siegbahn 

and  E.  Friman 440 

„    -frequency  Spectra  of  Elements  Cr  to  Ce.    M.  Siegbahn  and 

M.  Stenstrom 680 

„    -frequency  Spectra  of  Elements  Po,  Ra,  Th  and  Ur.    M.  Sieg- 
bahn and  E.  Friman 681 

„    -frequency  Spectra  of  Elements  from  As  to  Rh.    M.  Siegbahn 

and  E.  Friman 783 

„    -frequency  Spectra  (L  series)  of  Elements  from  Ta  to  Bi.    M. 

Siegbahn  and  E.  Friman...^ 784 

„    -frequency  Spectra  (M  series)  New  Group  of  Lines  in.    M. 

Siegbahn 1042 

„    -frequency  Spectra,   Relations  between   K  and  L  Series  of. 

M.  Siegbahn ,.,    439 

„    -frequency  Spectrum  of  Tungsten.    A.  H.  Compton 1043 

Incandescent  Solids  with  Subnormal  Infra-red  Emission.    W.  W. 

Coblentz 88 

Infra-red  Radiation  of  Thin  Metal  Plate.    C.  W.  Oseen 1341 

Kathode  Rays,  Action  of,  on  Bismuth.    W.  P.  Jorissen  and  J.  A. 

VollgiafiE 730 

„         Rays,  Fast,  Absorption  of,  in  Gases.    E.  Friman 694 

„  „  ,  Secondary,  Velocity  of.    M.  Ishino 1379 

„  „  ,  Variation  of  Mass  with  Velocity  of.    L.  T.  Jones 1064 

Luminosity  of  Black  Body.    P.  D.  Foote  and  C.  O.  Fairchild 702 

Mechanical  Equivalent  of  Light.    H.  E.  Ives  and  E.  F.  Kingsbury 

1 121,  1227 

Osmium  Filaments,  Selective  Radiation  from.    E.  F.  Barker  901 

Page's  Theory  of  Heat  Radiation.    D.  L.  Webster 1050 

Phosphorescence,  see  separate  section. 

Planck's  Law  of  Radiation,  Method  of  deriving.    G.  Green 1140 

Positive  Rays,  Comparison  of,  with  Spectrum  of  Positive  Column. 

H.  Smith 197 

Radiation  Constant,  Wien-Planck.    E.  Warburg  and  C.  MiiUer  213 

For  the  Explanation  of  this  Index  see  p.  555. 
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Rays  and  Radiation,  continued. 

Radiation  Law  and  Luminous  Yield  at   High  Temperatures.     T. 

Peczalski 580 

„        Law  of  Solid,  Determination  of .    T.  Peczalski  1048 

„        Properties   obtained    from    Debye  Model  of   Hydrogen 

Molecule.    M.  Wolfke 561 

„        Theory.    R.  Emden  210 

„      ,  Natural,  Fourier  Coefficients  of.    M.  v.  Laue 218 

Radio-activity,  see  separate  section. 
Resonance  Radiation,  see  section  Spectra. 

Retrograde  Rays  from  Cold  Kathode.    O.  H.  Smith  1273 

Rontgen-patterns  of  Isomorphous  Crystals.    F.  M.  Jaeger  and  H. 

Haga    1045 

„  -patterns  of  Monoclinic  Crystals.  H.  Haga  and  F.  M.  Jaeger  680 
„  -patterns  of  Tetragonal  Crystals.  H.  Haga  and  F.  M.  Jaeger  1044 
„        Patterns  of  Triclinic  and  Rhombic  Crystals.    H.  Haga  and 

F.  M.  Jaeger  805 

„       -ray  Spectra.    A.  W.  Hull 566 

„        Rays,  Effect  of  Magnetisation  on  Opacity  of  Iron  to.    A.  H. 
Forman 442 


Rays,  Heterogeneous,  Absorption  of  Constituents  of  Beam 

of.    J.  J.Thomson :..... 77 

Rays.  Spectrum  of.    O.J.  Zobel    785 


Spectral  Luminosity-curve  Equation.    E.  F.  Kingsbury 556 

Stefan- Boltzmann  Radiation  Law,  Constants  of.    W.  Gerlach 1260 

Thermopile,  Absolute.    Measuring  Radiant  Energy.    W.  W.  Cob- 

lentz  and  W.  B.  Emerson    699 

Tungsten    Filaments,  and  Mechanical  Equivalent    of    Light.     L 

Langmuir    322 

„         Lamp,  Mechanical  Equivalent  of  Light  from.    T.  Peczalski    674 

X-Radiation,  Energy  Measurement  of .    T.  Christen    441 

X-ray  Patterns  produced  by  Crystals,  Symmetry  of.    M.  v.  Laue 1352 

„      Photographs  showing  "  Depth.'*     B.Alexander 443 

„     Spectra  of  Elements  Na  to  Cr.    M.  Siecbahn  and  W.  Stenstrom  1 129 
„  „       of  Heavy  Metals.     K  series  of  Tungsten,    dc  Broglie    894 

„  „      produced  by  Curved  Crystal  Surfaces.    P.Cermak 1350 

„     Spectrometer,  Mica.    E.  Siegbahn    1248 

„     Spectroscopic  Methods  without  Slit.    H.  Seeman 603 

„     Spectrum  of  Tungsten.    W.S.Gorton 567 

„     Wave-lengths,  Accurate  Determination  of.    E.  Wagner io40 

X-rays  and  Crystals,  Recent  Work  on.    W.  H.  Bragg    602 

„    ,  Absorption  of,  at  High  Frequencies.    A.  W.  Hull  and  M.  Rice  1249 
„    ,  Action  of  Light  and,  on  Photographic  Plate.    J.  K.  A.  W. 

Salomonson    186 

„   ,  Characteristic,  Emission  Quanta  of.    D.L.Webster    1046 

„   ,  Experiments  to  Detect  Refraction  of.    C.  G.  Barkla   687 

„    ,  Genesis  and  Absorption  of.    J.J.Thomson    680 

„    ,  Interference  of.    P.  Debye  anci  P.  Sherrcr ,  1130 

„   ,  Maximum    Frequency   of,    at    Constant   Voltages   between 

30,000  and  100,000.    A.  W.  Hull  330 

„    ,  Optics  of.     G.  Gouy    201 

„    ,  Passage  of.  through  Narrow  Apertures.    E.  G.  Taylor 1128 

„    ,  Photographic  Measurement  of  Hardness  of.    J.  K.  A.  W. 

Salomonson 200 

„    ,  Physical  Measurement  of.    H.  L.  Bronson 444 

„    ,  Scattering  of,  and  Atomic  Structure.    C.  G.  Barkla  and  J.  G. 

Dunlop    , 685 

„    ,  Soft,  Absorption  Coefficients  of.    C.D.Miller 1351 

„    ,  Spectrum  of.    B.  Cabrera 76 

Reflection  of  Light. 

Gas,  Absorbing,  Reflection  of  Light  by.    R.  W.  Wood  and  M.  Kimura  1226 

Pigments,  Reflective  Power  of,  m  Ultra-violet.    C.  Cochrane  51 

For  the  Explanation  of  this  Index  see  p.  555. 
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Reflection  of  Light*  continued. 

Measurements,  see  separate  section. 

Rontgen  Rays,  Reflection  of,  see  section  Rays. 

Rough  Surfaces,  Reflection  from  and  Transmission  through.    A.  F. 

Gorton , , , 319 

Total  Reflection  and  Poynting  Vector.    A.  Wiegrefe 1232 

Variation  of  Reflectinc-power  with  Wave-length.    K.  Uller 553 

Visibility  at  Total  Reflection.     H.  Rose  and  A.  Wiegrefe 1233 

Refraction  of  Light. 

Double  Refraction  of  Vanadium  Pentoxide  Sols.     H.  Diesselhorst 

and  H.  Freundlich  671 

„       Refraction,    Electric,    Electro-optic    Retardation    in.     F. 

Himstedt 430 

Doubly  Refractive  Sol  of  Vanadium  Pentoxide.     H.  R.  Kruyt 11 19 

Gases,  Refraction  in,  see  also  separate  section. 

Hydrogen  Molecule,  Electron  Optics  of.    A.  Heydweiller 181 

Glass,  Optical.    W.  Rosenhain 1234 

„    ,  Refractive  Index  and  Dispersion  of.     R.  W.  Cheshire    1338 

Lenses,  Objectives,  and  Prisms,  see  section  Miscellaneous  (Light). 

Measurements,  see  separate  section. 

Rontgen  Rays,  Refraction  of,  see  section  Rays. 

Wave-trains,  Finite,  Refraction  of,  at  Plane  Surface.    A.  Lande 187 

Solution  and  Solubility. 

Brownian  Movements,  see  section  Molecular  Physics. 

Carbon,  Colloidal,  Preparation  and  Properties  of.    P.  C.  L.  Thome    739 

Colloidal  Solutions,   Nature  of.    Shape  of  Colloidal  Particles.     H. 

Diesselhorst  and  H.  Freundlich   1090 

Conductivity,  see  separate  section. 

Copper   Sulphate   and  Sulphuric    Acid,  Density  of  Solutions  of. 

W.  D.  Holler  and  E.  L.  Peffer 829 

Dilution  Law  of  Electrolytes,  New  Principle  of.    G.  v.  Georgievics.  11 76 
Dissolved  Electrolytes,  Hypothesis  as  to  Condition  of.    I  and  III. 

H.  C.  S.  Snethlage    1175 

Ebullioscopic   Behaviour  of  Solvents  at  Different  Pressures.    E. 

Beckman  and  O.  Liesche  1172 

Electrol3rte,  Distribution  of,  between    Water  and   some    Second 

Solvent.    H.J.  M.  Creighton 130 

Electrolytes,  Osmotic  Pressure  and  Concentration  in  Solutions  of. 

S.  J.  Bates  131 

Emulsion  Particles,  Variation  of  Grouping  of.    M.  v.  Smoluchowski    133 
Heat  of  Reversible  Solution  in  Volatile  Liquid,  Expression  for.    C. 

Raveau    1094 

Hydrochloric  Acid,  Free  Energy  of,  in  Aqueous  Solution.     J.  H. 

Ellis 1091 

Ice  Crystallisations  from  Aqueous  Solutions.    R.  Hartmann 628 

Ideal  Solutions,  Freezing-point  Solubility  Law  for.    E.  W.  Wash- 
burn and  ].  W.  Read   627 

Mercury,  Boiling,  Solutions  of  Metals  in.    E.  Beckmann  and  O. 

Liesche  629 

Molecular  Attractions  in  Solutions.    Berkeley 955 

Nitric  Acid,  Density  of  Aqueous  Solutions,  with  special  reference  to. 

W.  R.  Bousheld    404 

Non-ideal  Solutions.     Activity  of    Difiicultly-soluble  Component. 

E.  K.  Strachan  i 1089 

Reversible    Solutions,    Consequences    of    Likening,    to    Saturated 

Vapours.    A.  Colson   1092 

Saturated  Solutions,  Law  of.    A.  Colson 136 

Solid  Solutions,  Colloidal.    D.  Mcintosh  and  R.  Edson 495 

„  „       ,  Entropy  of.    O.  Stern    796 

Solubility  Formula,  New  Rational  Character  of.    A.  Colson    1177 

Specific  Volume,  Apparent,  in  Solution,  Study  of.    Le  R.  D.  Weld...    956 
Sulphuric  Acid- Water  Mixtures.  J.  L.  R.  Morgan  and  C.  E.  Davis...    494 
For  the  Explanation  of  this  Index  see  p.  555. 


Digitized  by  VjOOQIC 


590  SUBJECT  INDEX. 

Abatract  Not, 

Solution  and  Solubility,  continued. 

Supersaturated  Solutions,  Experiments  on.    M.  Jones  and  J.  R. 

Partington 129 

Viscosity,  see  also  separate  section. 
Sound. 

Acoustic    Demonstration   and  Pulse  Theory  of  Radiation.    P.  W. 

Cobb    1363 

Acoustics  of  Armoury  at  Illinois.    F.  R.  Watson 227 

„        of   Auditorium  at  Illinois.      F.  R.  Watson   and    J.    M. 

White 1263 

Acuteness  of  Hearing  :  Deafness  from  Wounds.    Marage    1144 

Aerial  Waves  generated  by  Impact.    S.  Banerji 1055 

After-Sounds.    F.  Roels 358 

Audition,  Helmholtz  Resonance  Theory  of.    Pfaundler  Tones.    F.  A. 

Schulze   800 

Auditory  Sensitiveness,  Human,  for  Pure  Tones  of  Specified  Pitches. 

J.  W.  Birubaum    707 

Bullet  Sound-waves  and  Crack  of  Whip.     H.  P.  Maxim  230 

Discontinuous  Wave  Motion.  C.  V.  Raman  and  S.  Appaswamaiyar  352 
Distances,  Estimating,  at  Sea  in  Fog  or  Thick  Weather.  J.  Joly  ...  226 
Gun-firing  and  Silence  Zones.    E.  Esclangon 1264 

Iets  of  Gas,  Acoustic  Repulsion  of.    A.  T.  Jones 1262 
lembranes,    Bars,   and     Plates,    Vibrations   and    Deflections   of. 

Rayleigh 1365 

Monge's  Experiment,  Projection  of.    G.  Meslin 1145 

Motion,  Associated,  of  Small  Bodies  in  Sound-waves.    W.  Konig  ...  1054 

Organ-pipes  and  Flutes,  Vibrations  in.    W.  Steinhausen  229 

Path  of  Sound  Rays  in  Air  under  Influence  of  Temperature.    V. 

Kommerell 1055 

Propagation  of  Sound  from  Gun-firing  and  Great  Explosions.    F. 

Nolke 708 

„  of  Sound  in  Atmosphere.    E.  van  Everdingen 458 

„  ^,        in  Free  Atmosphere.    W.  Schmidt    1205 

„  „        in    Narrow    Tubes    of    Variable     Section. 

Rayleigh 353 

„  ot  Sound  over  Great  Distances.    G.  Bigourdan...  1056,  1057 

Recorder,  Sound,  with  Small  Soap  Film.    S.  Garten  225 

Resonance  of  Sonorous  Bodies.    G.  Sizes 356 

„         of  Sounding  Bodies,  Properties  of  Law  of.    G.  Sizes 1143 

Resonator,  Helmholtz,  Theory  of.    Rayleigh  357 

„       ,  Spherical,  with  Circular  Aperture,  Period  of.     F.  P. 

White 1364 

Resonators,  Small,   Energy  acquired  by,  from    Incident    Waves. 

Rayleigh 1141 

Seebeck's  Tubes,  Resonance  and  Interference  Phenomena  in.     K.  L. 

Schaefer 1369 

Sound  Intensity,  Variation  of,  with  Distance.    G.  W.  Stewart 7^ 

„      Pressure.    F.  Kiistner 

„      Propagation,  Anomalies  in.    F.  Nolke 

Sound    Speeds,   and    Ratios    of     Specific    Heats    of    Gases.     G. 

Schweikert 228 

„      Waves,  Pressure  of.    E.  P.  Lewis  801 

Speech,  True  Nature  of.    J.  B.  Flowers 797 

String,  Rubbed,  Sub-Hehnholtzian  Vibrations  of.     H.  Clark 798 

Tonoscope.    C.  E.  Seashore  706 

Transmission,  Reflection,  and  Absorption  of  Sound  by  Different 

Materials.    F.  R.  Watson   354 

Vowel  Sounds.    A.  Stefanini 1051 

Waves  of  Elementary  Oscillation  Form  in  Liquids  and  Gases.    K. 

Ullcr 1102 

Wolf-note  in  Bowed  Stringed  Instruments.    C.  V.  Raman   1366 

"Wolf-note"  of  Violin  and  'Cello.    C.  V.  Raman 1052 

For  the  Explanation  of  this  Index  see  p..  555. 
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Periodic  Movements,  Laws  of.    Principle  of  Least  Action.     K. 

Forsterling 220 

.   Phase  Medium,  Physical  Structure  of.    M.  Planck 1^62 
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Thermodynamics^  continued. 
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Thermoelectric    Power,    Determination    of,  by   Differential  Gal- 
vanometer.   C.  Benedicks 1060 
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Isochromes,  Logarithmic,  Method  of.    C.  Schaefer 1361 
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GENERAL   PHYSICS. 

1.  Thermo-balance.  K.  Honda.  (Tohoku  Univ.,  Sci.  Reports,  4.  2. 
pp.  97-108, 1915.)— -The  author  has  devised  a  thermo-balance  which  renders 
it  possible  to  follow  continuously  the  change  in  weight  of  a  substance  with 
gradual  rise  in  temperature,  the  necessity  of  cooling  to  the  ordinary  tempera- 
ture being  obviated.  The  construction  of,  and  mode  of  using,  the  balance 
are  described.  The  following  results  have  been  obtained  with  its  aid. 
MnSOi,  4HsO  loses  8HfO  at  70-110''  and  the  remaining  H>0  at  280-260^. 
The  anhydrous  sulphate  exists  from  280°  to  820^,  when  it  begins  to  decom- 
pose into  MngOi,  this  change  being  complete  at  about  950°.  CaS04,2HiO, 
loses  its  water  of  crystallisation  at  180-260°.  CaCOs  is  converted  into  CaO 
between  about  500°  and  880°,  the  rate  of  decomposition  attaining  a  maximum 
at  820°.  The  results  obtained  with  chromic  acid  confirm  those  of  the  author 
and  Son6  [Abs.  No.  494  (1915)].  T.  H.  P. 

2.  Electro-magnetic  Vacuum  Balance,  J.  S.  Anderson.  (Faraday  Soc, 
Trans.  11.  pp.  69-75,  Oct,  1915.  Electrician,  75.  pp.  859-861,  June  11,  1915. 
Abstract.)~--One  scale  pan  of  a  balance  is  replaced  by  a  circular  coil  of  wire 
whose  axis  is  vertical.  This  coil  is  movable  between  two  larger  fixed  coils  of 
wire,  which  have  the  same  vertical  axis.  The  three  coils  are  so  connected  that 
an  electric  current  may  be  passed  through  them  in  series ;  through  the 
movable  coil  and  the  lower  fixed  coil  in  one  direction  and  through  the  upper 
fixed  coil  in  the  opposite  direction.  Thus  when  a  current  is  passed  through 
the  coils  the  movable  one  is  attracted  towards  the  lower,  and  repelled  by 
the  upper  fixed  coiL  These  attractive  and  repulsive  forces  may  be  increased 
or  decreased  by  increasing  or  decreasing  the  current  passing  through  the 
coils ;  they  are  made  use  of  to  counterbalance  the  force  of  gravity  acting 
on  the  substance  to  be  weighed  in  the  scale  pan  hanging  from  the  other  end 
of  the  beam  of  the  balance.  Should  the  weight  of  the  substance  vary  from 
time  to  time,  the  variations  can  be  determined  by  altering  the  current 
passing  through  the  coils  until  equality  of  the  forces  acting  on  either  end 
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of  the  balance  beam  is  obtained.  The  balance  is  enclosed  in  a  bell-jar 
which  can  be  exhausted,  so  that  the  process  of  weighing  can  be  carried  out 
while  the  substance  being  weighed  is  in  a  vacuum.  A.  P. 

8.  Errors  in  Levelling.  W.  Bowie.  (Science,  42.  pp.  712-718,  Nov.  19, 
1915.  Paper  read  before  the  Phil.  Soc.  Washington,  March,  1916.)— Fifty 
years  ago  the  error  of  precise  levelling  in  geodetic  survey  was  considered 
to  be  not  more  than  8  mm.  per  km.  Nowadays  this  error  is  reduced  to 
±  1  mm.  per  km.  for  accidental  error,  and  +  0*2  mm.  per  km.  for  systematic 
erior.  There  is  a  discussion  as  to  possible  difference  in  levels  of  the 
three  water  surfaces  bounding  the  United  States,  vrz.,  the  Pacific  Ocean, 
the  Atlantic  Ocean,  and  the  Gulf  of  Mexico.  Several  conclusions,  based  on 
levelling  data,  are  reached,  among  them  being : — It  is  believed  that,  other 
things  being  equal,  the  running  in  the  afternoon  (if  not  within  one  hour 
of  sunset)  gives,  on  an  average,  more  accurate  results  than  the  forenoon 
running ;  also  that,  a  running  in  wind  is  more  accurate  than  one  in  calm, 
and  that  a  running  with  a  cloudy  sky  is  more  accurate  than  one  with  sun- 
shine. Hence  the  ideal  condition  is  an  afternoon  with  moderate  wind 
and  cloudy  sky,  since  under  those  conditions  irregular  refraction  is  at  a 
minimum.  P.  E.  S. 

4.  Young's  Modulus  by  Sonometer,  A.  Guillet.  (Comptes  Rendus,  161. 
pp.  561-562,  Nov.  8,  1915.) — Describes  a  sonometer  with  a  fine  micrometer 
screw  to  tighten  the  wire  which  is  0*8  mm.  in  diam.  and  about  80  cm.  long. 
It  is  thus  easy  to  adjust  the  pitch  over  a  range  exceeding  an  octave,  the 
pitch  being  very  satisfactorily  reproduced  each  time  the  micrometer  is  set 
to  the  same  reading.  The  value  of  Young's  modulus  can  also  be  obtained 
from  the  change  of  pitch  caused  by  a  given  stretch  of  the  wire.  E.  H.  B. 

6.  Harmonic  Analysis  of  Barograms,  F.  Vercelli.  (Accad.  Lincei,  Atti, 
24.  pp.  1120-1125,  June  24,  1915.)— Applies  Chrystal's  graphic  method  to 
the  analysis  of  Italian  barographic  records  of  the  years  1907  to  1914, and  shows 
that  the  barometric  oscillations  in  question  would  result  from  a  certain, 
number  of  damped  harmonic  vibrations  of  constant  period  independent  of 
the  place  and  time  of  observation,  just  as  if  they  were  due  to  the  free 
oscillation  of  the  whole  atmosphere.  E,  E.  F. 

6.  Length  of  Invar  Steel  Wires.  L.  Camera.  (Accad.  Sci.  Torino,  Atti, 
50.  pp.  85-96,  1914-1915.)— The  author  finds  that  invar  steel  wires  24  m. 
long,  used  for  geodetic  purposes  and  wound  on  a  reel,  can  be  relied  upon 
to  remain  constant  to  within  one-millionth  of  their  length.  .  ^  £.  E.  F. 

7.  Harmonic  Analysis.  H.  O.  Taylor.  (Phys.  Rev.  6.  pp.  808-811,  Oct., 
1915.)— Simple  methods  of  obtaining  the  constituent  harmonics  have  been 
devised  for  waves  which  have  odd  harmonics  only,  so  that  schedules  for 
computing  the  amplitude  and  phase  of  the  harmonics  may  be  constructed  by 
a  mechanical  process.  The  present  paper  outlines  a  simple  mechanical 
process  for  constructing  complete  schedules  for  the  analysis  of  waves  con- 
taining even,  as  well  as  odd,  harmonics,  and  also  points  out  how  a  single 
schedule  may  be  made  for  any  particular  harmonic.  A.  W. 

8.  Relativity  Theory  of  Gravitation.  J.  Ishiwara.  (Tohoku  Univ.,  Sci. 
Reports,  4.  2.  pp.  111-160, 1915.)— A  mathematical  treatise  on  the  subject  in 
the  vector  analysis  of  four-dimensional  space.  E.  H.  B. 
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9.  Motion  of  a  Stream  of  Finite  Depth  past  a  Body.  R.  Jones.  (Roy.  Soc., 
Proc.  92.  pp.  107-121,  Dec.  1,  1916.)— A  mathematical  consideration  of  the 
thrust  on  a  body  past  which  is  flowing  a  stream  (1)  with  free  boundaries,  and 
(2)  in  a  channel  with  rigid  boundaries.  J.  W.  T.  W. 

10.  Rise  and  Fall  Experiments  on  Particles  with  Brownian  Motions, 
E.  Schrddinger.  (Phys.  Zeits.  16.  pp.  289-295,  Aug.  15, 1915.)— A  mathe- 
matical discussion  of  the  theory  of  the  fall  under  gravity  and  rise  in  an 
electrical  field,  of  particles  subject  to  Brownian  movements,  the  probabilities 
of  colUsions  being  dealt  with.    [See  Abs.  1270  (1909)  and  1091  (1915).] 

E.  H.  B. 

11.  Rise  and  Fall  Experiments  on  Particles  and  Brownian  Motions,  D. 
Konstantinowsky.  (Phys.  Zeits.  16.  pp.  869-672,  Oct.  15,  1915.)— 
Discusses  the  work  and  views  of  F.  Ehrenhaft  and  E.  Schrddinger  on  this 
subject  [see  Abs.  1091, 1196  and  1867  (1915)].  E.  H.  B. 

12.  Properties  of  Spherules  of  Pure  Mercury.  A.  Schidlof.  (Phys.  Zeits. 
16.  pp.  872-875,  Oct.  15, 1915.)— Remarks  on  F.  Ehrenhaft's  paper  on  smallest 
mercury  spherules  [see  Abs.  1569  (1914),  1867  (1915)] .  E.  H.  B. 

Id.  Air-resistance.  M.  Panetti.  (Accad.  Sci.  Torino,  Atti,  50.  pp.  488- 
494, 1914-1915.) — Determines  experimentally  the  coefficient  of  air  resistance 
in  the  case  of  a  "  Renard  vane,"  consisting  of  two  thin  rectangular  plates 
mounted  at  the  ends  of  a  revolving  rod,  the  plane  of  the  plates  being 
parallel  to  the  axis  of  rotation.  This  coefficient  can  be  put  in  the  form 
K=:0-805# 4-  00806,  where  ^=  (R  —  r)/(R  +  r)  and  R,  r  are  the  distances 
respectively  of  the  outer  and  inner  edges  of  the  plate  from  the  axis  of 
rotation.  When  /  as  0,  K  becomes  the  ordinary  coefficient  of  translational 
resistance.  E.  E.  F. 

14.  Air-resistance.  F.  Burzio.  (Accad.  Sci.  Torino,  Atti,  50.  pp.  697- 
710, 1914-1915.) — ^A  further  study  of  the  coefficient  dealt  with  in  the  preceding 
Abstract,  to  determine  whether  the  relation  between  K  and  p  is  really  linear, 
and  to  ascertain  the  efiFect  of  altering  the  ratio  of  length  to  width  in  the 
vanes.  The  author  finds  that  the  relation  is  practically  linear  except  for  very 
small  values  of  p  (i.e.  for  nearly  pure  translational  motion)  where  it  tends  to 
become  parabolic.  E.  E.  F. 

15.  FricUonal  Resistance  to  the  Motion  of  Elongated  Bodies  through  Fluids. 
C.  H.  Lees.  (Roy.  Soc.,  Proc.  92.  pp.  144-157,  Dec.  1,  1915.)— A  mathe- 
matical consideration  of  the  motions  of  very  elongated  bodies  moving  parallel 
to  their  lengths  through  fluids  in  which  stream-line  motion  is  produced. 
Values  of  the  resistances  per  unit  area  of  contact  with  the  fluid,  and  of  the 
total  resistances  are  found  for  (i)  a  fluid  moving  in  the  annular  space  between 
a  circular  pipe  and  concentric  core,  (ii)  a  fluid  moving  through  a  cylindrical 
pipe,  (iii)  a  long  body  of  elliptical  section  in  motion  through  a  fluid,  with 
circular  and  straight  line  sections  as  limiting  cases,  (iv)  a  long  body  of 
rectangular  section  moving  through  a  fluid,  and  (v)  a  long  wide  surface  from 
which  a  keel  projects  with  its  length  along  the  line  of  motion.  In  all  cases 
the  law  of  resistance  may  be  expressed  in  a  simple  form,  and  measurements 
of  the  resistances  in  the  corresponding  cases  for  turbulent  motion  are  now  in 
progress.  [Ibid.  p.  144 ;  as  footnote :  Corrigenda  to  a  previous  paper,  see 
Abs.  582  (1915).]  J.  W.  T.  W. 
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16.  Theory  of  the  Gyroscope,  H.  Lamb.  (Roy.  Soc.  Edinburgh,  Proc.  85* 
pp.  158-161, 1914-1915.)— The  object  of  this  paper  is  to  obtain  briefly  the 
intrinsic  equations  of  motion  of  a  g3rroscope,  and  to  show  how  they  lead 
immediately  to  the  solution  of  a  number  of  problems.  Apart  from  their  use 
as  a  basis  for  calculation,  they  have  a  simple  interpretation  which  enables  us 
to  foresee  the  general  character  of  the  motion  in  cases  where  the  actual 
calculation  would  be  difficult. 

It  is  assumed  that  two  of  the  principal  moments  of  inertia  at  the  "  fixed 
point"  O  are  equal,  and  the  three  moments  are  accordingly  denoted  as  usual 
by  A,  B,  C.  Further,  C  is  used  to  denote  one  of  the  two  points  in  which  the 
axis  of  symmetry  meets  a  unit  sphere  having  its  centre  at  O.  For  definite- 
ness  the  author  chooses  that  point  of  the  pair  which  is  such  that  the  angular 
velocity  n  about  the  axis  00  shall  be  right-handed.  This  point  O  may  be 
called  the  pole  of  the  gyrostat,  and  it  is  with  its  path  that  we  are  concerned. 
From  O,  on  the  unit  sphere  is  drawn  a  quadrant  OA  tangential  to  the  path 
and  in  the  direction  of  motion,  and  a  quadrant  OB  at  right  angles,  so  that  OA, 
OB,  00  (in  this  order)  shall  form  a  right-handed  system.  The  positions  of 
the  corresponding  lines  after  time  H  are  denoted  by  OA',  OB',  OC'.  If  v  be 
the  velocity  of  the  pole  along  its  path,  and  ^x  ^^^  angle  between  the  projec- 
tions on  the  tangent  plane  to  the  sphere  of  two  consecutive  tangent  lines  to 
the  path,  we  have — 

CC'  =  rW,    AC'A'  =  ^x  (1) 

At  the  instant  t  the  component  rotations  about  OA,  OB,  OC  are  0,  v,  n 
respectively  and  the  components  of  angular  momentum  are  accordingly 

0,  Av,  C«  (2) 

In  the  time  it  these  are  altered  to 

0,  A(v  4-  iv),  C(«  +  in)  (8) 

about  OA',  OB',  OC  and  therefore  to 

—  kv^x  +  Onvit,  Mv  +  iv),  C(n-\-  in)  (4) 

about  OA,  OB,  OC,  terms  of  the  second  order  being  neglected. 

If,  as  is  here  supposed,  the  external  forces  have  zero  moment  about  the 
axis  of  symmetry,  they  may  be  replaced  by  two  forces  P,  Q  acting  at  C  along 
the  tangents  to  the  arcs  CA,  CB  respectively,  i,e,  along  and  at  right  angles  to 
the  path  of  C.  P  is,  in  fact,  the  moment  of  the  external  forces  about  OB, 
and — Q  is  that  about  OA.  Hence,  equating  the  increments  of  angular 
momentum  to  —  Q^/,  P^/,  0  respectively,  we  find 

Av.<ixW/=Q  +  Cw,   A.dvldt=:P  (5) 

with  n = constant.  These  are  the  equations  which  the  author  calls  "  intrinsic," 
as  involving  no  arbitrary  lines  or  planes  of  reference.  The  expressions  dvldt 
and  vdxidt  are  the  accelerations  of  the  pole  C  along  and  at  right  angles  to  its 
path  on  the  sphere. 

If  n  =0  we  have  as  a  particular  case  the  equations  of  motion  of  a  particle 
on  a  spherical  surface,  and  it  may  be  inferred  that  the  motion  of  the  pole  C 
in  the  present  case  will  be  exactly  the  same  as  that  of  such  a  particle,  of 
mass  A,  under  the  same  forces  P,  Q,  provided  there  is  introduced  in  addition 
a  fictitious  deviating  force  Onv  acting  always  towards  the  left  of  the  path,  as 
viewed  from  without  the  sphere.    This  statement  includes  the  old  rule  about 
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"hurrying  on  the  precession,"  but  is  more  precise  and  of  more  general 
application.  The  examples  following  in  the  paper  are  intended  mainly  to 
illustrate  its  convenience.  E.  H.  B. 

17.  Comparison  of  Optical  and  Electrical  Measurements  of  the  Thickness  of 
Soap  Films,  A.  Hagenbach  and  W.  Rickenbacher.  (Archives  des 
Sciences,  40.  pp.  829-882,  Oct.,  1915.  Paper  read  before  Soc.  Suisse  de 
Physique.) — ^The  authors  have  measured  the  electric  conductivity  of  soap 
films  by  a  method  previously  described  [Abs.  1840  (1918)].  From  the 
measurements  made  in  the  first  and  second  black  region  it  appears  that  the 
concentration  of  sodium  oleate  has  a  scarcely  measurable  influence  on 
the  thickness  of  the  film.  The  mean  values  obtained  show  that  there  is, 
in  general,  agreement  between  the  thickness  measured  optically  and  elec- 
trically. Thb  applies  also  when  the  thickness  of  the  film  lies  above  800  fifi. 
Between  800 /cfi  and  the  black,  that  is,  in  the  region  of  Newton's  rings  of  the 
first  order,  the  thickness  measured  electrically  is  always  too  great — some- 
times even  in  the  neighbourhood  of  150  fifi,  the  electrical  value  is  double  that 
obtained  optically.  A.  P. 

18.  The  Hottest  Region  in  the  United  States,  G.  H.  Willson.  (Monthly 
Weather  Rev.  48.  pp.  278-280,  June,  1916.)— The  highest  shade  temperature 
ever  recorded  in  any  portion  of  the  world  under  standard  conditions  of 
exposure  was  measured  at  Greenland  Ranch,  Death  Valley,  in  south-eastern 
California,  on  July  10, 1918,  when  the  maximum  reached  184°  F.  The  tem- 
perature records  at  Greenland  Ranch  now  cover  a  period  of  4  years.  The 
average  max.  daily  temperature  has  exceeded  110°  F.  in  every  July  and 
August  in  the  4  years  and  has  exceeded  115°  F.  in  6  out  of  these  8  months. 
In  the  winter  a  temperature  as  low  as  15°  F.  has  once  been  recorded.  A 
table  summarising  the  results  of  the  4  years'  observations  is  given  in  the 
paper.  J.  S.  Di. 

19.  A  See-saw  of  Pressure,  Temperature,  and  Wind  Velocity  between  the 
Weddell  Sea  and  the  Ross  Sea.  R.  C.  Mossman.  (Roy.  Soc.  Edinburgh, 
Proc.  86.  pp.  208-216, 1914-1915.)— Four  years'  data  are  discussed  in  three- 
monthly  groups.  The  observations  refer  to  M'Murdo  Sound  (Ross  Sea)  on 
the  one  hand  and  to  stations  in  the  South  Orkneys  and  Graham's  Land 
(Weddell  Sea)  on  the  other.  The  difference  in  longitude  between  the  two 
districts  is  about  120°.  It  is  found  that  seasonal  departures  from  the  normal 
of  barometric  pressure  are  of  opposite  sign  in  the  two  areas,  out  of  the  16 
seasons  discu^ed  there  being  only  8  in  which  the  divergences  are  of  the 
same  sign.  The  wind-velocity  variations  show  a  similar  see-saw  efiFect.  As 
regards  temperature  there  is  pronounced  opposition  in  the  departures  for  the 
winter  season,  but  for  the  other  periods  of  the  year  the  results  are  indefinite. 
In  the  later  part  of  the  paper  conditions  at  M'Murdo  Sound  are  compared 
with  those  at  stations  in  temperate  latitudes  widely  separated  from  it,  and 
certain  similarities  and  oppositions  in  the  fluctuations  are  found.  Great 
changes  occur  from  year  to  year  or  between  groups  of  year^in  the  Antarctic 
circulation.  Thus  the  mean  wind  velocity  in  M'Murdo  Sound  during  Scotf  s 
first  expedition  (1902-04)  was  only  half  that  recorded  during  the  second 
expedition  (1911-12),  and  from  the  Weddell  Sea  data  it  appears  that  storms 
were  frequent  and  violent  from  1902  to  1906,  while  from  1907  to  1914  few 
have  been  experienced.  J.  S.  Di. 

20.  Internal  Reflection  as  a  Source  of  Error  in  the  Callcndar  Sunshine 
Receiver.     E.  R.  Miller.    (Monthly  Weather  Rev.  48.  pp.  264-266,  June, 
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1915.) — ^The  horizontal  receiving  grids  in  the  Callendar  recorder  are  placed 
within  an  elongated  glass  bulb  the  upper  part  of  which  is  hemispherical  in 
6hape  while  the  lower  tapers  o£F  in  a  cone.  The  base  of  the  hemispherical 
upper  portion  coincides  with  the  plane  of  the  grids.  The  reflection  of  the 
sun's  rays  from  the  lower  portions  of  the  glass  container  is  found  not  to 
be  of  much  importance,  but  that  from  the  inner  surface  of  the  upper  hemi- 
sphere produces  a  concentration  of  radiation  on  some  one  portion  of  the 
grids.  The  correct  action  of  the  instrument  is  dependent  upon  an  equal 
amount  of  radiation  falling  upon  the  bright  and  black  grids,  and  since  the 
concentrated  reflected  light  from  the  interior  of  the  glass  bulb  will  usually 
fall  upon  one  grid  only,  an  error  in  the  readings  is  thereby  introduced. 
Furthermore,  as  the  sun  moves  round  in  azimuth  the  excess  radiation  will 
fall  first  upon  one  grid  and  then  upon  another,  and  thus  the  error  will  change 
sign.  If  the  position  of  the  grids  remains  unchanged  this  e£Eect  will  continue 
the  same  from  day  to  day,  and  thus  a  fictitious  element  will  be  introduced 
into  the  diurnal  variation.  Some  direct  experiments  were  made  by  turning 
the  receiver  through  90°  so  that  the  reflected  radiation  was  suddenly  changed 
from  a  grid  of  one  kind  to  one  of  the  other  kind,  and  it  was  found  that  the 
error  produced  was  appreciable.    [See  Abs.  40O  (1915).]  J.  S.  Di. 

21.  Atmospheric  Pollution  in  English  and  Scottish  Towns.  J.  B.  C.  Ker- 
shaw. (Engineer,  120.  pp.  478-475,  Nov.  19,  1915.  Met.  and  Chem.  Eng. 
18.  pp.  967-971,  Dec.  15,  1915.)— Observations  with  a  standard  type  of  dust 
and  soot  collecting  gauge  [see  Abs.  1209b  (1918)]  have  been  made  in  16  towns 
for  a  period  in  most  cases  of  over  one  year.  The  figures  obtained  are 
summarised  in  a  table.  The  largest  soot  and  dust  fall  is  recorded  from 
Oldham  with  81*2  metric  tons  per  km',  per  month.  Manchester  (Ancoats) 
comes  second  with  26*8  tons,  whereas  Malvern  shows  only  2*1  tons.  The 
Oldham  fall  is  equivalent  to  957  tons  per  sq.  mile  per  annum.  Another  table 
sets  out  the  proportions  of  the  insoluble  deposits,  tar,  carbonaceous  matter, 
and  ash.  Figures  which  have  been  given  for  the  soot  and  dost  fall  of 
Pittsburg  (88*6  metric  tons  per  km*,  per  month)  show  that  the  amount 
deposited  there  is  considerably  in  excess  of  the  amount  in  Sheffield  (21*7),  the 
EngUsh  steel-making  centre.  It  is  suggested  that  observations  made  on  the 
Rotherham  side  of  Sheffield  might  have  approximated  more  closely  to  those 
of  Pittsburg,  the  prevailing  winds  carrying  the  smoke  to  the  Rotherham  side 
of  the  city.  A  special  type  of  recording  actinometer  which  has  been  devised 
for  measuring  the  intensity  of  sunlight  illumination  and  used  in  different 
parts  of  Manchester  is  described  and  illustrated.  The  record  is  made  on 
specially  prepared  photographic  paper.  It  was  found  that  the  average 
intensity  of  sunlight  on  the  roof  c^  the  School  of  Technology  (100  ft.  high) 
was  12'6  %  greater  than  that  at  the  ground-level  Measurements  with  this 
actinometer  are  also  to  be  made  for  comparative  purposes  at  Abergele  in 
North  Wales,  awav  from  the  polluted  atmosphere  of  towns.  }.  S.  Di. 

• 

22.  Rotation  of  the  Earth.  H.  Glauert.  (Roy.  Astron.  Soc.,  M.N.  75. 
pp.  685-687,  Oct.,  1915.)— In  a  previous  paper  [Abs.  817  (1915)]  the  errors  of 
position  of  the  sun,  Venus,  and  Mercury  were  analysed  on  the  hypothesis  that 
they  were  due  to  minute  irregularities  in  the  rate  of  the  earth's  rotation,  and 
the  resulting  curve  for  the  errors  of  the  earth  showed  considerable  similarity 
to  that  of  the  moon  as  given  by  E.  W.  Brown.  On  the  assumption  that  the 
error  in  heliocentric  longitude  of  a  planet  is  proportional  to  its  mean  motion, 
three  separate  determinations  of  the  errors  of  the  positions  of  the  earth  or 
vou  XIX.— A.— 1916,  ^  T 

Digitized  by  VjOOQIC 


GENERAL  PHYSICS.  7 

son  have  been  made.  These  showed  a  satisfactory  agreement,  and  the  mean 
resultant  curve  closely  resembled  the  curve  of  the  moon's  error  of  longitude. 
For  further  confirmation  the  errors  of  Venus  have  been  examined,  and  these 
agree  both  in  scale  and  nature  of  variations  with  the  adopted  hypothesis 
of  slight  variations  in  the  rate  of  rotation  of  the  earth.  Curves  are  given 
showing  the  heliocentric  errors  of  Venus  and  the  earth.  C.  P.  B. 

23.  Variation  of  Latitude  at  Rome,  £.  Bianchi.  (Accad.  Lincei,  Atti, 
SML  pp.  1116-1119,  June  24, 1915.)— Shows  from  observations  of  latitude  made 
at  Rome,  1911-1918,  that  the  third-term  coefficient  z  is  confirmed  both  in 
period  and  amount,  in  a  manner  which  accords  with  the  hypothesis  of 
Hirajama.  £.  E.  F. 

24.  Experimental  Studies  and  Observations  on  Ice  Structure.    O.  IX  v. 
Engeln.     (Am.  J.  Sci.  40.  pp.  449-478,  Nov.,  1915.)— The  experiments  were 
planned  primarily  to  secure  data  bearing  on  the  structure  and  flow  of  ^dal 
ice.    In  the  main  they  consisted  of  compression  tests  (I)  on  cubes  of  ice 
unsupported  at  the  sides,  and  (II)  on  cylinders  of  ice  enclosed  in  metal  cases 
of  varying  degrees  of  resistance  up  to  complete  rigidity  under  the  pressures 
applied.    The  tests  were  made  with  screw  presses  specially  designed  and 
calibrated,  and  both  pond  and  glacier  ice  were  used,  in  cubes  ^  in.,  1  in.,  and 
2  in.  square,  and  variously  oriented  with  regard  to  the  component  crystal 
structure  of  the  ice.    It  was  found  that  the  crushing  strength  of  pond 
ice  with  pressure  applied  in  the  direction  of  the  principal  axes  of  the 
component  crystals  (all  similarly  oriented)  is  about  1000  lbs*  per  sq.  in. 
With  pressure  at  right  angles  to  the  principal  axes  the  crushing  strength 
was  approximately  850  lbs.  per  sq.  in.,  while  that  of  glacier  ice  with  variously 
oriented  crystal  grains  was  intermediate  between  850  and  1000  lbs.,  tending 
to  the  higher  rather  than  the  lower  figure.     Variations  between  l(f  F.  and 
26*^  F.  do  not  seem  to  have  a  notable  effect  on  the  strength  of  the  ice.    The 
values  of  crushing  strength  are  notably  higher  than  those  cited  by  H.  T, 
Barnes  recently.    The  discrepancy  is  probably  due  to  the  following  factors  : 
(a)  River  ice  was  used  by  Barnes  and  may  not  have  had  uniformly  oriented 
crystals  due  to  current  action,  especially  as  large  size  blocks  are  used; 
(6)  the  tests  were  made  at  air  temperatures  only  a  few  degrees  below 
freezing-point  and  in  some  cases  above ;  (c)  the  pressures  were  applied 
with  comparative  rapidity.    It  was  repeatedly  noted  when  -working  with 
cnl>es  under  pressure  approaching  the  crushing  point  that  cracking  occurred 
when  the  pressure  was  relieved,  and  that  if  the  pressure  released  was  at 
all  rapid  the  ice  actually  broke   apart.     This   indicates   that   ice   yields 
elastically  to  pressures  slowly  and  carefully  applied,  and  that  the  elastic 
rel>ound  is  not  sufficiently  rapid  to  enable  the  ice  to  withstand  quick  release 
of  pressure,  hence  the  differential  stresses  set  up  by  the  rapid  release  suffice 
to  rupture  the  mass.     On  account  of  this  elasticity  it  appears  that  there 
cannot  be  any  permanent  deformation  of  ice  until  a  certain  minimum  stress 
has  been  appli^,  and  the  experiments  showed  that  the  yield^point  is  near 
the  crushing  strength  of  the  ice.    If,  however,  pressures  just  below  the 
crushing  strength  of  the  ice  are  applied  and  l^ontinued  for  a  sufficientiy 
long  time  the  ice  will  3neld  by  flow  without  breaking.     Various  kinds  and 
forms  of  ice,  also  snow,  were  compressed  in  metal  cylinders  to  determine 
(1)  whether  any  change  in  crystalline  structure  could  be  brought  about 
by  pressure  only,  and  if  so  of  what  nature,  and  (2)  whether  actual  continuous 
flow  of  ice  could  be  induced  by  pressure  at  temperatures  sufficiently  low 
to  render  pressure  melting  and  regelation  inoperative.    The  ioe  mass  was 
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found  to  be  completely  recrystallised,  and,  further,  the  crystals  extended 
straight  across  the  cylinder  instead  of  radially  inwards  as  might  have  been 
expected  by  analogy  to  the  structure  of  cakes  of  can-frozen  artificial  ice.  In 
no  case  were  any  traces  of  brecciation  apparent.  Elongated  form  and  wedge- 
shape  terminations  in  the  artificial  crystals  produced  owe  their  difference 
from  glacier  grains  to  the  fact  of  no  movement  in  the  ice  mass  being  involved. 
It  seems  from  these  experiments  that  a  granular  ice  can  be  developed  from 
snow  by  pressure  with  accompanying  movement  at  air  temperatures  elimi- 
nating the  possibility  of  pressure  melting  and  regelation.  The  author 
devotes  a  considerable  amount  of  space  to  the  interpretation  and  application 
of  the  experiment.  Under  normal  atmospheric  pressure  the  orientation  of 
ice  crystals  is  determined  by  the  position  of  the  original  surface  or  centre 
of  refrigeration,  consequently  the  orientation  of  glacier  grains  is  determined 
by  the  position  of  the  crystal  axes  in  the  briginal  snow  and  neve  grains. 
An  ice  crystal  has  been  found  to  be  made  up  of  molecularly  thin,  flexible 
laminae  lying  in  a  plane  normal  to  the  principal  axes.  Under  pressure,  with 
the  .ends  of  the  principal  axes  supported,  these  laminae  will  glide  over  one 
another,  and  this  gliding  property  may  account  for  such  uniform  orientation 
of  ice  crystals  in  the  basal  layers  of  glaciers  as  may  exist.  Ice  masses  do 
not  consist  of  single  crystals,  but  of  aggregates  of  comparatively  small  units 
variously  oriented.  The  resistance  of  such  masses  to  deforming  stresses 
would  appear  to  be  due  to  three  factors :  (a)  the  nature  of  the  interlocking  of 
the  units,  (6)  the  molecular  cohesion  of  the  ultimate  particles  of  a  unit  crystal, 
(c)  the  molecular  cohesion  existing  at  the  contact  of  adjacent  crjrstal  faces. 
It  follows  that  experimental  studies  of  ice  under  compression  with  reference 
to  glacial  phenomena  should  be  directed  towards  ascertaining  the  behaviour 
of  ice  as  a  crystalline  aggregate  rather  than  to  the  investigation  of  the 
physical  properties  of  unit  crystals. 

The  author  summarises  the  phenomena  of  a  valley  glacier  as  follows: 
In  the  reservoir  area  the  increasing  depth  of  accumulating  snow  gradu- 
ally augments  the  pressure  on  its  bottom  layers.  In  the  mass,  mean- 
while, the  growth  of  ice  crystals  proceeds  by  molecular  transference  of 
particles  and  the  absorption  of  small  grains  by  adjacent  larger  nuclei. 
At  the  same  time  the  saline  matter  is  being  segregated  in  the  inter- 
granular  spaces.  Compression  itself  involves  a  rise  of  temperature,  and  this 
is  further  increased  by  inflow  of  surface  heat  and  heat  from  the  earth. 
When  pressure  and  heat  attain  sufficiently  high  points,  flow  is  initiated. 
During  the  period  of  snow  accumulation  the  snow  and  ice  mass  in  the 
reservoir  is  under  practically  uniform  pressure.  Once  flow  is  started  non- 
uniform pressures  are  introduced,  with  resulting  increases  and  decreases 
of  the  interstitial  films.  The  continued  movement  of  the  ice  tongue  so 
started  results  both  from  the  pressure  due  to  its  own  thickness  and  the 
thrust  from  the  up-slope  continuation  of  the  tongue.  If  the  snow  supply 
in  the  reservoir  is  cut  off,  an  equilibrium  of  pressures  will  be  established 
and  the  glacier  will  then  melt  away  without  further  flow.  If  the  snow 
supply  is  insufficient  to  provide  great  enough  accumulations  for  continuous 
flow  pressures,  there  will  be  alternative  waves  of  advance  and  stagnation. 
The  surface  portions  of  the  ice  tongue  are  relatively  rigid  and  brittle.  The 
viscous  underflow  gives  rise  to  tensional  and  shearing  stresses  in  the  upper, 
rigid  ice  layers  with  resulting  crevassing.  These  crevasses  are  commonly 
developed  on  a  greater  scale  in  the  upper  ice  tongue,  partly  because  slopes 
are  steeper,  partly  also,  probably,  because  the  ice  of  the  upper  portions  of  the 
ice  tongues  is  colder.  In  the  lower  expanded  portions  of  ice  tongues  pilessure- 
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temperature  eqailibrium  has  been  established  throughout  the  thickness  of  the 
ice,  hence  flow  is  possible  over  lower  slopes  and  with  thinner  ice  than  at  and 
above  the  neve  line.  Near-surface  melting  in  the  lower  parts  of  the  tongue 
is  localised^  in  the  intergranular  spaces ;  the  resulting  water  tends  to  drain 
away  and  thus  leaves  the  ice  grains  loose  in  the  socket.  On  the  bottom 
of  the  glacier,  near  the  very  front,  the  establishment  of  pressure-temperature 
equilibrium  combined  with  the  continued  inflow  of  earth-heat  and  friction 
may  result  in*  pressure  melting  and  thus  give  rise  to  submarginal  glacial 
streams,  whose  volume  is  augmented  by  the  surface-melting  water  per- 
colating through  the  frontal  portions  of  the  melting  ice  tongue  or  finding 
its  way  to  the  bottom  through  crevasses  and  moulins.  In  the  middle  portions 
of  the  flowing  ice  tongue  three  separate  zones  may  be  conceived  as  existing 
from  the  surface  to  the  bottom.  At  the  top  is  the  brittle,  crevassed  mass, 
below  it  I  the  viscously  flowing  ice,  and  under  that  a  colder  ice  layer, 
continuing  to  the  bottom,  which  is  being  plastically  deformed  by  reason 
of  the  pressure  of  the  overlying  ice  and  the  frictional  pull  that  the  viscous 
intermediate  layer  is  exerting  on  its  upper  surface.  On  this  basis  a  decreasing 
rate  of  flow  from  the  surface  to  the  bottom  of  a  glacier  could  be  accounted 
for,  and  a  greater  erosive  power  could  be  ascribed  to  the  relatively  more 
rigid,  colder  bottom  layers.  [A  fuller  account  giving  records,  data,  and 
methods  followed  in  individual  experiments  is  to  be  found  in  the  Zeits. 
f.  Gletscherkunde,  vol.  9.  pp.  81-189,  1916.]  H.  H.  Ho. 

26.  The  Constant  of  Aberration,  G.  Boccardi.  (Accad.  Sci.,  Torino,  Atti, 
50.  pp.  649-671, 1914-1915.) — Makes  a  new  determination  of  the  aberration 
constant  by  the  method  of  double  inversion,  applied  to  observations  of 
a  and  9  Cygni.  The  value  obtained  for  the  annual  constant  is  20-507"  ±  0HX)40", 
with  a  mean  error  not  exceeding  001".  The  international  value  20*47" 
adopted  by  the  Paris  Congress  of  1896  is  certainly  too  small,        E.  E.  F. 

26.  Astrophotometry  with  Photoelectric  Cell  P.  Guthnick.  (Deutsch. 
Phys.  Gesell.,  Verb.  16.  24.  pp.  1021-1032,  Dec.  80, 1914.)— Experiments  have 
been  made  in  stellar  photometry  at  the  Berlin- Babelsburg  Observatory,  using 
the  80-cm.  refractor  in  conjunction  with  a  photoelectric  cell  with  potassium 
kathode,  controlled  by  an  electrometer  of  the  Wulf  type.  Illustrations 
of  the  light-curves  of  several  variables  are  given,  including  /3  Cephei,  a  Canum 
Venaticorum,  y  Bootes,  a  Geminorum,  and  also  of  the  variation  of  the  light  of 
Mars  during  its  rotation  with  reference  to  the  earth.  C.  P.  B. 

27.  Series  in  Corona  Spectrum,  P.  Carrasco.  (Comptes  Rendus,  161. 
pp.  681-682,  Nov.  22, 1915.)— In  the  electronic  theory  of  the  corona  spectrum, 
Nicholson  has  suggested  a  relationship  to  exist  in  the  lines  XX5808,  4859,  and 
8584.  Carrasco  points  out  that  the  new  line  photographed  by  him  during  the 
total  solar  eclipse  at  Theodosia,  Aug.  21,  1914,  at  X6874*2,  appears  to  fit  in 
satisfactorily  as  a  member  of  the  same  series.  Various  combinations  of  series 
are  also  suggested  for  lines  of  the  corona  spectrum  other  than  the  above. 

C.  P.  B. 

28.  Variations  of  Solar  Facul(t.  H.  Arctowski.  (Comptes  Rendus,  161. 
pp.  484-487,  Oct.  11,  1915.)— In  the  discussion  of  records  of  solar  activity 
most  attention  appears  to  have  been  devoted  to  the  sun-spots,  although 
detailed  measurements  are  also  available  of  the  areas  of  faculae.  The  author 
has  plotted  the  values  for  faculas,  and  finds  that  while  the  curves  for  these 
and  sun-spots  are  in  general  very  similar,  there  are  distinct  differences  in  the 
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short-duration  oscillations.  It  is  found  that  when  approaching  a  maximum 
or  minimum,  the  faculse  appear  to  last  longer  than  the  spots,  attaining  their 
max.  development  about  9  days  later.  An  attempt  is  made  to  explain  the 
fact  by  considering  Deslandres*  view  of  the  spots  as  powerful  descending 
vortices  in  faculic  areas,  the  surface  disturbances  constituting  the  faculas 
continuing  to  increase  after  the  max.  development  of  the  spot  area.  [Errata, 
Ibid.  p.  688,  Nov.  29, 1916.]  C.  P.  B. 

29.  Variations  of  Facula;  and  Sun-spots,  H.  Arctowski.  (Comptes 
Rendus,  161.  pp.  485-487,  Oct.  26,  1915.) — Seeking  for  evidence  comiecting 
the  variations  of  solar  activity  and  short-period  changes  of  terrestrial  climatic 
conditions,  an  investigation  is  made  of  the  ratios  of  faculae  areas  to  sun-spot 
areas  for  each  solar  rotation  during  the  period  1876-1918,  using  the  records 
given  in  the  Greenwich  Observations.  The  means  for  each  consecutive  10 
rotations  are  then  plotted,  the  resulting  curves  exhibiting  interesting  features, 
5  maxima  being  shown  during  the  11-yearly  period  of  spot  areas.  The  ratio 
of  facula  area  to  spot  area  varies  considerably,  from  2*42  to  78'74,  and  it  is 
suggested  that  if  the  faculas  are  evidences  of  solar  atmospheric  vertical  circa* 
lation,  then  the  great  variations  shown  would  very  probably  result  in  varia* 
tions  of  the  heat  emitted  by  the  sun  at  different  times.  [See  preceding 
Abs.]  C.  P.  B. 

30.  Albedo  of  the' Moon,  J.  Evershed.  (Nature,  96.  p.  869,  Dec.  2, 
1916.)— Observing  the  full  moon  rising  in  the  neighbourhood  of  snow-topped 
mountains  in  the  Kashmir  Valley,  the  author  was  struck  with  the  intense 
whiteness  of  the  lunar  disc,  and  doubts  if  the  appearance  can  be  reconciled 
with  the  idea  of  the  lunar  surface  being  composed  of  rocks  of  any  of  the 
types  known  on  the  earth.  C.  P.  B» 

81.  Identification  of  Minor  Planets,  L.  Picart.  (Comptes  Rendus,  161. 
pp.  487-488,  Oct.  26,  1916.)— A  formula  is  developed  for  utilising  the  rect- 
angular coordinates  determined  from  photographic  determinations  of  two 
positions  of  a  minor  planet,  with  the  object  of  facilitating  the  identification. 

C.  P.  B. 

32.  Radial  Velocity  of  Andromeda  Nebula.  (Roy.  Astron.  Soc.  Canada,  J. 
Sept.,  1915.  Nature,  96.  p.  271,  Nov.  4,  1916.  Abstract.)— Recent  determina- 
tions of  the  radial  velocity  of  the  Andromeda  nebula  at  Mt.  Wilson  indicate  a 
motion  of  recession  of  829  km.  per  sec.  The  spectrogram  was  exposed  for 
84  hours  on  five  consecutive  nights  during  Nov.,  1914,  by  means  of  a  small  slit 
spectrograph  at  the  primary  focus  of  the  60-in.  reflector.  No  evidence  was 
detected  of  the  presence  of  bright  lines,  or  any  indication  of  rotational  dis- 
placement. C.  P.  B. 

83.  Stellar  Radial  Velocities  and  Solar  Motion.  C,  D.  Perrine.  (Astro- 
phys.  J.  42.  pp.  805-811,  Nov.,  1915.) — Examination  of  the  residual  radial 
velocities  of  stars  grouped  according  to  spectral  type  showed  certain  sys- 
tematic variations  in  relation  to  region,  the  average  appearing  to  be  a  mini- 
mum not  far  from  the  solar  antapex,  and  a  maximum  near  the  apex.  The 
values  of  the  solar  motion  deduced  from  the  different  spectral  classes  sepa- 
rately show  large  and  systematic  variations.  C.  P.  B. 

34.  Faint  Star  with  Large  Proper  Motion.    R.  Innes.    (Union  Observa- 
tory of  S.  Africa,  Circ.  No.  80.  pp.  285-286,  Oct.  12, 1915.)— Examination  of 
two  photographs  of  the  region  near  a  Centauri  on  1910  April  10  and  1915 
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July  80,  resulted  in  the  detection  of  a  faint  star  having  a  proper  motion  of 
about  5"  per  annum  in  the  direction  280^.  If  this  is  confirmed  the  star  would 
rank  6th  in  the  list  of  stars  having  great  proper  motions.  The  visual  magni- 
tude of  the  star  is  about  10,  colour  yellow.  C.  P.  B. 

35.  Measurement  of  Proper  Motions  with  Blink-microscope,  R.  Innes. 
(Union  Observatory  of  8.  Africa,  Circ.  No.  28.  pp.  215-220,  Sept.  8, 1915.) — 
Sets  of  plates  of  selected  regions  taken  with  the  astrographic  equatorial  at  the 
Cape  Observatory  at  intervals  of  about  16  years  have  been  examined  in  the 
blink-microscope  for  determinations  of  stars  showing  large  proper  motion. 
Out  of  1600  stars  on  6  plates,  only  16  were  found  to  have  proper  motions 
exceeding  0*10"  a  year.  It  is  suggested  that  a  preliminary  survey  in  this 
manner  of  the  Carte  de  del  plates  would  allow  of  the  detection  of  all  large- 
proper-motion  stars  with  very  little  labour,  and  then  attention  could  be 
specially  devoted  to  them  for  definitive  determination  of  the  proper  motion. 
Some  criticisms  are  appended  by  S.  S.  Hough,  Astronomer  Royal  at  the 
Cape.  C.  P.  B. 

86.  Orbital  Elements  of  Three  Eclipsing  Variables.  J.  Q.  Stewart. 
(Astrophys.  J.  42.  pp.  815-820,  Nov.,  1915.)— From  the  light  curves  of  the 
eclipsing  variables  TW  Andromedae,  TU  Herculis,  and  RS  Vulpeculae, 
computations  are  made  of  their  orbital  elements  on  the  two  assumptions  of 
uniform  and  limb-darkened  discs.  C.  P.  B. 

87.  Orbital  Elements  of  Eclipsing  Variable  SX  Draconis,  W.  van  B. 
Roberts.  (Astrophys.  J.  42.  pp.  812-814,  Nov.,  1916.)— Discussion  of  the 
magnitude  variations  resulted  in  concordant  values  for  the  elements  on  the 
assumption  that  a  bright  spherical  star  was  eclipsed  by  a  larger  and  fainter 
companion,  different  data,  however,  being  employed  according  as  the  com- 
ponents are  assumed  to  have  discs  of  uniform  brightness  or  darkened  towards 
the  Umb.     [See  Abs.  1664  (1912).]  C.  P.  B. 

88.  Inequalities  in  Period  of  Eclipsing  Variable  RT  Persei,  R.  S.  Dugan. 
(Roy.  Astron.  Soc,  M.N.  76.  pp.  692-702,  Oct.,  1915.)— The  variability  of  the 
star  RT  Persei  (B.D.  +  46°  740)  was  detected  in  1904  by  Madame  Ceraski, 
and  observations  have  been  continued  by  various  workers.  During  the  years 
1906-8  the  author  made  904  observations,  each  consisting  of  16  readings,  with 
a  Pickering  polarising  photometer.  Blajko  and  Graff  found  the  period  to  be 
20h.  28m.  lis.,  and  two  years  later  the  author  found  this  to  be  about  7  minutes 
too  long,  indicating  an  irregular  variation.  Further  information  has  been 
obtained  from  the  Harvard  photographs  of  the  star,  and  a  new  set  of  elements 
are  computed.  C.  P.  B. 

89.  Orbit  of  Spectroscopic  Binary  B.A.C.  5890.  F.  H.  Parker.  (Roy. 
Astron.  Soc.  Canada,  J.  Sept.,  1916.  Nature,  96.  p.  271,  Nov.  4,  1915. 
Abstract.) — A  spectroscopic  study  of  this  binary  system  has  been  made  at 
the  Ottawa  Observatory,  and  in  order  to  fill  in  gaps  where  the  dispersion 
of  the  instrument  was  insufficient  to  separate  the  lines  plates  were  utilised 
from  the  series  obtained  at  the  Lick  Observatory.  The  spectrum  is  the 
F  type ;  period  26-27  days,  and  eccentricity  0*49.  C.  P.  B. 

40.  Distribution  of  Spectroscopic  Binaries  of  Class  M.    C.  D.  Perrine. 

(Astrophys.  J.  42.  pp.  870-871,  Nov.,  1915.)— Ten  stars  of  spectral  class  M 

are  known  to  be  spectroscopic  binaries,  or  at  any  rate  to  show  evidence 
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of  variable  radial  velocity.  With  one  exception  these  show  a  preference  for 
the  MilkytWay,  in  contrast  to  the  almost  uniform  distribution  over  the  sky  of 
the  other  stars  of  class  M.  The  average  galactic  latitude  of  the  9  stars  is  9^ 
Only  two  of  the  orbits  are  known,  those  of  a  Orionis  and  a  Scorpii,  and  these 
are  compared  with  certain  of  the  orbits  of  Cepheid-Geminid  variables.  The 
radial  velocities  are  comparatively  small.  C.  P.  6. 

^iJtFormulcefor  Computing  Spectroscopic  Binary  Orbits.  G.  F.  Paddock. 
(Lick  Observatory,  Bull.  8.  [No.  274]  pp.  158-179,  1916.  Nature,  96.  p.  547, 
Jan.  18,  1916.  Abstract.) — Spectroscopic  binaries  may  be  divided  into  two 
classes,  according  as  they  show  single  or  double  spectra.  The  former  furnish 
the  means  of  determining  six  elements  of  the  orbit,  while  double  spectra 
furnish  in  addition  the  semi-amplitude  of  the  secondary  oscillation.  From 
the  two  semi-amplitudes  certain  other  factors  may  then  be  indirectly  com- 
puted. Details  are  given  of  the  derivation  of  the  requisite  formula  for  com- 
puting the  orbits.  The  method  is  used  in  the  case  of  the  spectroscopic 
binary  41v4  Eridaui,  spectral  class  B9A.  C.  P.  B. 

42,  Light<hanges  of  R  Corona  Borealis.  E.  C,  Pickering.  (Monthly 
Register  of  Soc.  of  Practical  Astron.  Harvard  College  Observatory,  Bull.  585. 
Aug.  14,  1915.  Nature,  96.  p.  154,  Oct.  7,  1915.  Abstract.)--During  the 
summer  of  1915  attention  has  been  drawn  to  a  gradual  diminution  in  bright- 
ness of  this  variable.    July  24,  mag.  6*8 ;  July  26,  mag.  6*9 ;  Aug.  18,  mag.  7"7. 

C.  P.  B. 

48.  Light-curve  of  RZ  Cassiopeia,  E.  Paci.  (Soc.  Spettroscop.  Ital., 
Mem.  Sept.,  1915.  Nature,  96.  p.  858,  Nov.  26,  1915.  Abstract.)— Observa- 
tions of  this  variable  have  been  made  through  a  number  of  minima  at  the 
Catania  Observatory  by  means  ef  a  wedge  photometer  on  a  15-cm.  refractor. 
The  magnitude  ranged  from  5'9  to  7*8  in  2h.  45m.  C.  P.  B. 

44.  Supposed  Large  Proper  Motions  of  Stars  near  M 11.  E.  E.  Barnard. 
(Comptes  Rendus,  161.  pp.  411-412,  Oct.  4,  1915.)— Attention  has  already 
been  drawn  by  J.  C.  Sola  to  certain  large  proper  motions,  detectable  by 
stereoscopic  means  among  stars  near  the  cluster  M  11  [Abs.  1511  (1916)]. 
The  present  author  has  examined  photographs  of  the  region  taken  at  an 
interval  of  22  years,  and  states  that  no  movement  is  visible  in  any  of  the 
stars  in  question.  Moreover,  the  measures  made  visually  and  photographically 
during  recent  years  have  given  no  indication  of  proper  motion.  C.  P.  B. 

46.  Colour  Index  of  SCephei.  H.  S.  Leavitt.  (Harvard  Coll.  Obs.  Circ. 
No.  188.  Nature,  96.  p.  828,  Nov.  18,  1915.  Abstract.)— This  star  is  a  cir- 
cumpolar  variable  of  long  period,  and  coloured  deep  red.  From  a  compari- 
son of  visual  and  photographic  magnitudes  its  colour  index  is  found  to  have 
the  unusually  large  value  6  at  its  maximum  phase.  This  probably  increases 
as  the  star  passes  to  minimum.  The  visual  magnitudes  range  from  7*7  to 
10-8,  and  the  photographic  from  12-62  to  16-0.  C.  P.  B. 
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46.  Lens  Refractometer,  H.  F.  Dawes.  (Phys.  Rev.  6.  pp.  854-857, 
Nov.,  1915.) — ^The  aathor  describes  a  type  of  refractometer  for  liquids, 
consisting  of  a  double  convex  lens  silvered  on  its  back  surface.  A  plane- 
parallel  glass  plate  holds  a  drop  of  the  liquid  under  test  against  the  front 
surface.  The  position  of  an  object  is  found  so  that  light  traversing  the 
system  is  reflected  from  the  silvered  surface  and  forms  an  image  by  the  side 
of  the  object.  This  position  depends  upon  the  refractive  index  of  the  liquid 
and  a  relation  of  the  form  /«  =  Ci  —  Ctl{p  —  ci)  holds,  where  Ci,  ci,  and  Cs  are 
optical  constants,  and  f  =s  distance  of  object  from  lens.  Thus  the  arrange- 
ment is  suitable  for  a  calibrated  instrument.  It  is  shown  that  the  instrument 
is  quite  as  sensitive  as  the  calibrated  type  of  total-reflection  refractometer. 

T.  H. 

47.  Precision  Artificial  Eye.  H.  E.  Ives.  (Phys.  Rev.  6.  pp.  884-844, 
Nov.,  1915.)— Describes  a  modification  of  the  apparatus  for  the  spectroscopic 
synthesis  of  coloiu',  by  means  of  which  any  wave-length  sensibility  curve  can 
be  exactly  reproduced  on  the  thermopile-galvanometer  system.  The  appar- 
atus consists  of  a  spectrometer  forming  a  spectrum  which  is  passed  through 
a  template  of  such  a  shape  that  the  energy  transmitted  at  each  wave-length 
is  in  correct  proportion  to  the  whole.  These  transmitted  portions  are  then 
recombined  upon  a  sensitive  therm  >j  unction.  This  apparatus  may  be  used 
for  determining  the  transmission  of  the  coloured  screens  used  for  eliminating 
colour  di£Ferences  in  photometry,  and  for  measuring  the  colours  of  illuminants 
in  terms  of  such  units  as  the  fundamental  blue,  green,  and  red  sensations 
determined  by  Koenig.  J.  W.  T.  W. 

48.  Gyro-telescope,  C.  Dienstbach.  (Scientific  American,  118.  pp.  868 
and  868,  Oct.  28, 1915.)— Gives  an  illustration  and  description  of  the  Sperry 
gyro-telescope,  which  permits  of  the  accurate  aiming  of  bombs  and  gunfire 
on  board  airships.  The  instrument  is  a  modification  of  the  Sperry  inclino- 
meter, and  is  so  arranged  as  to  keep  a  telescope,  supported  on  universal 
joints,  pointed  at  an  unchanging  angle  to  the  horizon.  By  a  set-screw  the 
telescope  may  originally  be  placed  either  in  a  vertical  position,  which  is  then 
rigidly  maintained,  or  at  any  angle  to  the  vertical  direction.  The  slight 
periodic  oscillations  in  this  instrument  are  both  very  small  and  slow,  so  that 
for  sighting  or  spotting  purposes  the  telescope  is  practically  rigid.  The 
method  of  use  for  bomb  dropping  is  the  same  as  in  Scott's  experiments, 
whose  sighting  telescope  differed  only  in  its  lack  of  reliability,  because  it  was 
crudely  controlled  by  a  pendulum.  A.  W. 

49.  A  Revolving  Cloud  Camera,  O.  L.  Fassig.  (Monthly  Weather  Rev. 
48.  pp.  274-275,  June,  1915.)— The  axis  of  the  camera  is  inclined  to  the 
horizon  at  an  altitude  of  46**,  and  the  lens  covers  an  angular  field  of  90°.  The 
camera  revolves  about  a  vertical  axis,  so  that  after  one  complete  revolution 
the  whole  sky  has  been  brought  within  the  field  of  view.  As  at  present 
constructed  the  photograph  is  taken  upon  a  circular  plate  which  revolves 
under  the  lens  as  the  camera  turns,  but  it  is  proposed  in  future  instruments 
to  use  a  conical  film,  which  will  simplify  the  manipulation  and  render  the 
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camera  more  compaet.  A  photograph  showing  the  whole  sky  upon  a  circular 
print  is  reproduced,  and  attention  is  called  to  the  advantages  of  being  able  to 
obtain  such  comprehensive  cloud  photographs.  J,  8.  Di. 

60.  The  Modern  Rangefinder.  F.  J.  Cheshire.  (Phot.  J.  56.  pp.  260-266, 
Nov.,  1916.  Traill-Taylor  Memorial  Lecture.)— The  modern  rangefinder,  in 
its  most  important  form,  is  an  optical  angle-measuring  instrument  in  which 
two  rigidly  connected  telescopes,  with  their  entrance-pupils  at  a  short 
distance  apart,  have  a  common  eyepiece  in  which  the  two  fields-of-view  are 
seen  juxtaposed,  so  that  by  a  single  observation,  taken  simultaneously  in  e£fect 
from  two  different  viewpoints,  the  angle  of  parallax  of  a  distant  object  can  be 
measured  by  some  suitable  optical  micrometric  device,  operated  to  bring 
about  coincidence  of  the  two  images  of  that  object,  and  thus  determine  its 
distance.  The  present  paper  deals  systematically  with  various  tjrpes  of  range- 
finders.  A  simple  account  is  first  given  of  the  geometry  of  range-finding, 
and  then  the  following  features  are  dealt  with  in  succession  :  (1)  Aligning 
power  of  the  eye;  (2)  Fundamental  range-finding  equations;  (8)  End 
reflectors ;  (4)  Separating  prism  systems ;  (6)  Deflecting  systems ;  (6)  In- 
finity adjustment;  (7)  Halving  adjustment;  (8)  Astigmatisers.  Several 
diagrams  are  given  illustrative  of  the  various  points  dealt  with.  A.  W. 

61.  Reflective  Power  of  Pigments  in  the  Ultra-violet.  C.  Cochrane.  (Roy. 
Soc.  Edinburgh,  Proc.  85.  pp.  146-162,  1914-1915.)— Former  investigations 
have  been  confined  to  a  single  region  of  the  ultra-violet  spectrum.  In  the 
work  here  described  the  reflective  powers  of  88  pigments  (oil-colours)  were 
examined  for  the  wave-lengths  2400,  2740,  8220,  8880,  4460  A.U.  The  final 
method  adopted  was  to  cast  the  spectrum  oi  an  iron  arc,  formed  by  the  aid  of 
a  Cornu's  prism  and  quartz  lenses,  upon  the  pigment  and  upon  a  comparison 
piece  of  white  cardboard.  Photographs  were  taken  by  the  light  diffusely 
reflected  and  the  images  of  pigment  and  cardboard  compared,  as  it  was 
shown  that  the  white  cardboard  has  a  more  or  less  constant  reflective  power 
for  all  the  wave-lengths  used. 

There  is  evidence  of  selective  reflection  on  the  part  of  many  of  the 
pigments  in  the  extreme  ultra-violet.  Though  the  essential  chemical  con- 
stituents of  pigments  may  be  the  same,  yet  in  many  cases  they  behave 
differently  as  regards  reflecting  power.  No  attempt  can  yet  be  made  to 
interpret  the  results  in  the  light  of  chemical  constitution,  and  it  is  unlikely 
that  the  problem  will  be  any  simpler  than  that  of  absorption  spectra.     T.  H. 

62.  Normal  and  Abnormal  Dispersion  in  the  Region  of  Long  Wave-lengths. 
H.  Rubens.  (Deutsch.  Phys.  Gesell.,  Verh.  17.  16.  pp.  816-886,  Ang.  80, 
1916.)— Experimental  determinations  of  the  reflecting  power  of  a  number  of 
solids  and  liquids  for  residual  rays  from  various  substances  have  been  made. 
The  results  are  tabulated,  and  a  discussion  is  given  of  the  bearing  of  these 
results  on  the  dispersion  in  the  long-wave  region.  Debye's  theory  of  the 
molecular  dipole  is  also  dealt  with,  experimental  determinations  being  made 
of  the  variation  of  reflecting  power  with  temperature.  A.  W. 

63.  Propagation  of  Light  through  an  Inhomogeneous  Medium.  R.  Gans. 
(Ann.  d.  Physik,  47.  6.  pp.  709-786,  Aug.  17,  1916.)— A  mathematical 
treatment  which  leads  to  the  following  results :— (1)  In  an  inhomogeneous 
medium,  of  continuously  varying  index  of  refraction,  light  is  propagated 
without  reflection,  though  of  course  total  reflection  may  occur.    (2)  The  laws 
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of  geometrical  optics  as  to  the  direction  of  the  rays  are  usually  valid,  except 
in  the  neighbourhood  of  the  plane  at  which  total  reflection  occurs.  Here 
the  angle  of  incidence  is  less  than  corresponds  to  Snell's  law  of  refraction. 

E.  H,  B. 

54.  Intermittent  Vision.  C.  V.  Raman.  (Phil.  Mag.  80.  pp.  701-702, 
Nov.,  1916.) — In  a  recent  paper  [Abs.  648  (1914)]  Mallock  brought  forward 
the  hypothesis  that  a  slight  mechanical  shock  to  the  head  or  body  of  the 
observer  produces  a  periodic  but  rapidly  extinguished  paralysis  of  the 
perception  of  sight,  and  that  the  nerves  on  which  seeing  depends  cannot 
bear  more  than  a  certain  amount  of  mechanical  acceleration  without  loss  of 
sensibility.  Later  [Abs.  1670  (1914)]  S.  P.  Thompson  criticised  Mallock's 
conclusions,  stating  that  Mallock's  hypothesis  is  unnecessary,  and  suggesting 
that  retinal  fatigue  is  the  cause  of  the  effect.  The  author  of  the  present 
paper  considers  that  Thompson's'  suggestion  is  also  untenable,  and  brings 
forward  the  following  explanation  : — So  long  as  the  retina  is  absolutely  at 
rest,  and  the  white  and  dark  sectors  on  the  revolving  disc  follow  one  another 
at  intervals  short  compared  with  the  period  of  persistence  of  vision,  the 
disc  appears  uniformly  illuminated.  But  if  the  retina  is  set  in  motion  even 
for  a  small  fraction  of  a  second,  say  by  a  slight  mechanical  shock,  or  by  the 
eye  involuntarily  following  the  motion  of  the  sectors,  and  if  the  direction 
of  this  motion  is  such  that  the  white  sectors  remain  on  any  given  portion  of 
the  retina  for  a  longer  interval  than  they  otherwise  would,  the  impression 
of  light  over  the  areas  occupied  by  the  dark  sectors  has  time  enough  to  die 
away  appreciably,  and  we  thus  get  the  illusion  of  stationary  white  sectors  on 
a  dark  ground.  A  movement  of  the  retina  in  the  opposite  direction  should, 
however,  produce  little  or  no  perceptible  effect,  provided  the  rotation  of 
the  disc  is  sufficiently  rapid.    This  is  exactly  what  is  found  in  experiment. 

A.W. 

56.  Impulsive  Production  of  Wave  Motion,  L.  Zehnder.  (Deutsch. 
Phys.  GeselL,  Verb.  17. 16.  pp.  886-842,  Aug.  80, 1915.)— A  theoretical  discus- 
ston  of  the  production  of  wave  motion  by  impulse,  with  special  reference 
to  the  action  of  a  space  grating  subjected  to  Rontgen  rays.  A.  W. 

56.  Resolving  Power  of  Interferometers.  H.  Nagaoka.  (Math.  Phys. 
Soc.,  Tokyd,  Proc.  8.  pp.  214-220,  Oct.,  1915.)— Discusses  in  some  detail  the 
resolving  power  of  various  instruments  having  high  resolving  power,  and 
advocates  the  employment  of  crossed  systems  in  preference  to  making 
attempts  to  increase  the  resolving  power  of  individual  instruments.  Attention 
is  paid  to  the  question  of  the  resolution  of  a  strong  line  accompanied,  as  is 
often  the  case,  by  a  much  weaker  satellite.  A.  W. 

57.  Nickelled  Glass  Mirrors  for  Ultra-violet  Photography.  R.  W.  Wood. 
(Astrophys.  J.  42.  pp.  865-869,  Nov.,  1916.)— For  certain  investigations  it  is 
necessary  to  avoid  the  usual  silver-on-glass  mirrors  used  in  astronomical 
photography,  as  the  silver  transmits  ultra-violet  light,  and  a  surface  coating  of 
nickel  has  been  found  to  be  satisfactory  if  it  can  be  deposited  in  a  uniform 
thick  film  on  the  glass  surface.  Recent  improvements  in  the  process  of  nickel 
deposition  have  been  published  by  Hollard  [Abs.  1788  (1912)],  recommending 
the  use  of  a  solution  of  nickel  fluoborate,  and  these  have  been  employed  by 
Wood  with  great  success.  He  describes  in  detail  the  method  of  manipulation 
in  coating  with  nickel  a  glass  mirror  of  55  ft.  focal  length  by  electro- 
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deposition  on  a  subsidiary  silver  film  deposited  chemically.    A  current  of 
about  6*6  amps,  was  employed,  with  the  anode  8  cm.  from  the  mirror  surface. 

C.P.  B. 

58.  Measurement  of  Sharpness  of  Photographic  Images,  O.  Tugmaii. 
(Astrophys.  J.  42.  pp.  821-880,  Nov.,  1915.)— In  the  investigation  of  resolving 
power  of  various  photographic  plates  an  adaptation  has  been  made  of  the 
Koch  registering  microphotometer,  which  eliminates  visual  observation  by 
allowing  of  direct  photographic  records.  Details  are  given  of  the  additions  to 
the  instrument  for  the  special  purpose  in  view,  with  the  results  of  preliminary 
calibration  experiments  to  determine  the  accuracy  obtainable.  [See  Abs.  1622 
(1912);  1824(1914).]  C.  P.  B. 

69.  Resolving  Power  of  Photographic  Plates.  O.  Tugman.  (Astrophys.  J. 
42.  pp.  881-848,  Nov.,  1916.  Phot.  J.  6.  pp.  292-802,  Dec.,  1915.)— The 
theoretical  resolution  of  a  photographic  emulsion  has  been  defined  by 
Wadsworth  as  corresponding  to  four  times  the  diam.  of  the  silver  grains,  but 
this  only  applies  to  non-diffusing  media,  whereas  all  the  vehicles  used  for 
photography  introduce  scatter  to  a  considerable  extent.  The  practical 
resolution  obtainable  has  been  investigated  by  Mees  [Abs.  65  (1910)]  who 
examined  the  photographic  images  of  a  finely  ruled  grating,  the  scattering 
with  different  exposures  being  determined  by  using  a  black  wedge  over  an 
illuminated  slit.  The  rate  of  spreading  of  a  photographic  image  was  shown 
by  Scheiner  to  vary  as  the  logarithm  of  the  exposure.  Goldberg  also  made  a 
long  investigation  of  the  phenomenon  for  various  types  of  emulsion.  In  the 
present  work  use  has  been  made  of  an  accurately  cut  nickel  straight-edge 
placed  in  close  contact  with  the  emulsion  surface,  the  spreading  of  the  image 
being  then  measurable  from  the  reading  for  the  edge.  All  the  plates  were 
backed,  and  exposed  to  a  parallel  beam  of  monochromatic  light.  After  expo- 
sure the  plate  was  cut  into  two  strips,  and  each  developed  for  a  different  time. 
The  densities  were  then  measured  with  a  Koch  registering  microphotometer 
[see  preceding  Abs.].  Cross-sections  of  the  films  were  made,  and  the 
spreading  measured  at  different  depths  from  the  surface.  C.  P.  B. 

60.  Artificial  Illuminants  for  Photography,  K.  Mees.  (Frank.  Inst,  J. 
180.  pp.  481-482,  Oct,  1915.)— The  author  recommends  the  followmg 
illuminants  : — For  portraiture :  Flame  arcs.  Cooper  Hewitt  lamps,  gas-filled 
tungsten  lamps.  For  kinematograph  work:  Cooper  Hewitt,  quartz-tube 
mercury  lamp,  and  flame  arc.  For  photo-engraving :  enclosed  arc,  flame  arc. 
For  silver  printing  :  enclosed  or  flame  arcs.  For  platinum  printing  :  Cooper- 
Hewitt  lamp. 

Photographic  efficiency  depends  on  sensitiveness  of  materials  used. 
Thus  there  are  (1)  panchromatic  materials  sensitive  to  the  whole  spectrum 
and  used  with  filters  to  give  a  rendering  similar  to  that  seen  by  the  eye,  or  for 
colour- photography ;  (2)  ordinary  materials  having  max.  sensitiveness  in  the 
blue- violet;  (8)  materials  sensitive  only  to  ultra-violet  light.  For  panchro- 
matic work  the  value  of  an  illuminant  depends  entirely  on  its  luminous 
efficiency.  For  other  materials  light  of  short  wave-length  is  chiefly  desirable, 
being  favourable  to  latitude  and  freedom  from  halation.  }.  S.  D. 

61.  Photographic  Efficiency  of  Illuminants,    L.  A.  Jones,  M.  B.  Hodgson, 

and  K.  Huse.    (Frank.  Inst,  J.  180.  pp.  484-487,  Oct,  1916.    Abstract.)— The 

authors   tabulate    the    photographic    efficiency    of    various  illuminants  on 

ordinary,  orthochromatic,  and  panchromatic  plates,  the  results  being  arranged 
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in  two  ways,  (a)  showing  the  relative  photographic  efficiency  for  a  fixed  value 
of  the  illumination,  and  (6)  showing  the  relative  photographic  efficiency  from 
the  standpoint  of  energy  consumption.    These  data  are  tabulated  as  follows  i—^ 


80URCS. 


1.  Son    

2.  Sky   : 

3.  Acetylene    

4.  Acetylene  (screened) 

5.  Pentane    

6.  Mercury  arc — quartz 

7.  Mercury  arc — *•  N ultra'*  glass 

8.  Mercury  arc — Crown  glass  ... 

9.  Carbon  arc,  ordinary 

10.  Carbon  arc  white  flame  

11.  Carbon  arc,  enclosed    

13.  Carbon  arc,  "  Artisto  " 

18.  Magnetite  arc 

14.  Carbon  glow-lamp    

Carbon  glow-lamp 

15.  Tungsten  vacuum  lamp   

Tungsten  vacuum  lamp   ...... 

16.  Tungsten  nitrogen  lamp  

Tungsten  nitrogen  lamp 

17.  Tungsten  blue  bulb  

Tungsten  blue  bulb   

18.  Mercury  arc  (Cooper  Hewitt) 


»  < 

is 
>3 


160 

0-7 

007 

0-45 

40 

35 

37 

12 

29 
9 

12 

18 
2*44 
316 
80 
9-9 

16-6 

21-6 
8-9 

11 

23 


Photographic  Eppioknct. 


(4  V 

11 
o 


100 

181 

30 

81 

18 

600 

218 

824 

126 

267 

175 

796 

106 

23 

25 

33 

87 

56 

64 

108 
316 


(a). 


100 

165 

44 

So 

28 

500 

195 

275 

Hi 

234 

177 

1070 

115 

32 

85 

41 

45 

62 

68 

99 
354 


II 


100 

180 

52 

89 

42 

867 

165 

249 

104 

215 

165 

744 

82 

42 

45 

50 

58 

70 

76 

106 
273 


(ft). 


U 


-a 
o 


100 

0*14 
0037 
0058 
168 

50 

79 

10 

52 

11 

62 

12 
0-37 
0-51 
1-74 
2-41 
61 
8-9 
5-5 
7-8 

47 


100 

0-21 

0040 

0-086 
182 
46 
68 

9 
45 
11 
86 
14 

0-52 

0-74 

2-2 

30 

6-8 

9-8 

5*2 
73 
54*2 


•ss 

I 


100 

0*24 

0*042 

0*18 
99 
39 
62 

8-5 

2 
10 
60 
10 

0-68 

0*95 

2-7 

3*5 

7.7 

110 

5*6 

7*9 
42 


J.  S.  D. 


62.  Use  of  Thermopile  for  Physical  Photometry,  H.  E.  Ives  and  E.  F. 
Kingsbury.  (Phys.  Rev.  6.  pp.  819-888,  Nov.,  1915.)— It  is  found  possible 
to  nse  a  thermopile  as  a  physical  photometer  by  empl03dng  a  solution  filter 
consisting  of  60  gm.  CuClf,  14*6  gm.  Co(NH4)f  (804)1,  19  gm.  KiCrO*,  18  cm.» 
HNOs  (sp.  gr.  1*05)  made  up  to  1  litre  with  water.  This  solution  was  arrived 
at  by  trial  with  the  spectrophotometer,  and  conforms  quite  closely  to  the 
luminosity  curve  determined  by  Ives.  The  thermopile  used  was  a  linear  one 
with  18  Bi-Ag  junctions  in  series,  while  the  galvanometer  was  of  the 
d' Arson val  type  of  a  sensitivity  of  83  mm.  per  microvolt.  Between  the  filter 
and  the  lamp  to  be  measured  it  is  necessary  to  insert  a  water  tank  at  least 
2  cm.  thick,  in  order  both  to  keep  the  surroundings  of  the  thermopile  from 
unnecessary  heating  and  also  to  provide  a  complete  obstruction  to  any  infra* 
red  radiation,  there  being  an  infra-red  transmission  band  in  the  filter  solution. 
It  is  found  that  with  this  apparatus  candle-powers  as  low  as  8  can  be 
measured  accurately.  The  chief  sources  of  error  are  (i)  mechanical  disturb- 
ance, (ii)  drift  of  the  galvanometer-thermopile  system  amounting  sometimes 
to  several  per  cent,  of  the  reading  during  the  time  taken  fbr  a  deflection  and 
return  to  zero,  and  (iii)  lack  of  exact  proportionality  between  stimulus  and 
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Reflection.  With  proper  precautions,  however,  the  authors  find  no  difl&cutty 
in  attaining  an  accuracy  better  th^n  1  %.  A  further  result  of  the  present 
investigation  is  to  show  that  there  is  an  infra-red  transmission  band  in  the 
luminosity  curve  of  the  solution  used  previously  for  the  determination  of  the 
mechanical  equivalent  of  light  [see  Abs.  888  (1915)],  and  to  indicate  a 
.  corrected  value  for  the  lumen  of  0-0059  watt.  J.  W.  T.  W. 

63.  Variation  of  Hefner  Lamp  with  Atmospheric  Conditions,  £.  Ott. 
(J.  of  Gas  Lighting,  182.  pp.  878-881,  Nov.  16, 1915.  Electrician,  76.  pp.  227- 
280,  Nov.  19, 1915.  Communicated  by  the  International  Photometric  Com- 
mission.)—There  have  been  many  different  formulae  proposed  to  express 
t)ie  variation  in  candle-power  of  the  Hefner  lamp  with  change  of  atmo- 
spheric conditions.  The  author  has  made  a  fresh  determination  in  a  closed 
receiver,  the  pressure  being  varied  from  816  to  614*5  mm.  In  the  experi- 
ment$  on  the  effect  of  aqueous  vapour  and  COt,  the  measurements  of  these 
quantities  made  by  the  Assman  hygrometer  and  the  Haldane  apparatus 
[Abs.  1885  (1911)]  respectively  were  found  to  be  identical  with  those  given 

.  by  the  gravimetric  method.  The  new  formula  for  the  candle-power  of  the 
Hefner  flame  is  [y  =  1-049  —  00062 x  —  088  (x' — 0-76)+  000011  {b  —  760)] 
in  which  x  represents  the  volume,  expressed  in  litres,  which  the  aqueous 
vapour  associated  with  1  m.»  of  dry  air  free  from  COi  would  have  at  the 
same  temperature  and  pressure ;  x"  is  the  COi  content  similarly  expressed ; 
while  b  is  the  barometric  pressure  within  the  range  717  to  816  mm.  Of 
these  coefficients,  that  for  x'  differs  considerably  from  Liebenthal's  value* 
while  that  for    x  agrees  with  the  determinations   of  previous  observers 

^  [toe.  ciL  and  Abs.  529b  (1907)].  J.  W.  T.  W. 

64.  Thiele's  Phase  in  Band  Spectra.  H.  S.  Uhler.  (Astrophys.  J.  42, 
pp.  72-91,  July,  1915.)— In  the  evaluation  of  the  "  pliase  "  c  in  Thiele's  series 
formula  for  band  spectra,  X  =/[(«  +  c)*],  it  is  shown  that  the  older  methods  . 
of  calculation  are  too  complicated  for  practical  purposes,  and  a  new  method 
for  determining  its  value  at  different  places  along  a  band  is  developed,  and 
illustrated  by  examples  taken  from  measures  of  band  spectra  on  high -disper- 
sion photographs.  Contrary  to  Thiele's  view,  the  phase  c  is  shown  to  be 
variable  for  the  a  and  d  series  of  the  X5165  carbon  band,  and  the  two  series 
.starting  from  the  first  head  of  the  X8888  cyanogen  band  are  shown  to  be 
unrelated  according  to  the  scheme  of  combination  proposed  by/Thiele. 

Evidence  is  presented  suggesting  that  other  of  his  hypotheses  are  invalid. 

C.  P.  B. 

66.  Comparisons  of  Wave-lengths  by  Interference  Methods,  and  some  Wave- 
lengths in  the  Spectrum  of  Neon.  W.  F.  Meggers.  (Bureau  of  Standards, 
Bull.  12.  pp.  198-205, 1915.) — In  the  process  of  determining  secondary  wave- 
length standards  in  the  iron  spectrum  [see  Abs.  68  (1916)],  it  was  necessary  to 
redetermine  the  corrections  due  to  change  of  phase  at  reflection  from  the 
nickelled-quartz  interferometer  plates.  Buisson  and  Fabry  used  the  identical 
jplates  some  years  ago  [Abs.  775  (1908)]  and  found  these  corrections  to  be  an 
inverse  linear  function  of  the  wave-length  [Abs.  1409  (1908)].  Another 
method  was  employed  in  the  present  work,  a  description  of  which  is  here 
given.  A  neon  fused-quartz  vacuum  tube  was  used  as  a  source  of  light 
These  tubes  have  flat  circular  Al  electrodes  sealed  in  at  the  ends  and  are 
extremely  efficient.  One  tube  has  been  used  for  over  25  hours  at  high 
intensity,  and  shows  no  signs  of  electrode  disintegration  or  gas  occlusion. 
The  error  due  to  the  phase-change  at  reflection  can  be  corrected^or  'each 
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wave-length  directiy  from  Us  measured  values  obtained  from  thick  and  thin 
^talons.  The  determination  of  this  correction  is  illustrated  by  some  measure- 
ments of  wave-lengths  in  the  spectrum  of  neon.  The  values  of  10  tines  from 
X8869  to  X8520  and  seven  from  X660d  to  X7082  'are  given.  An  example  is 
added  to  show  how  the  determination  of  the  exact  order  of  interference,  or 
the  optical  measurement  of  length  can  be  made  easily  and  rapidly  with  the 
aid  of  certain  wave-lengths  of  neon  radiation.  A.  W. 

66.  Energy  Distribution  in  Spectrum  of  Carbon  and  Mercury  Arcs  and  of  the 
Sun,  E.  S.  Johansen.  (Strahlentherapie,  6.  pp.  45-68, 1915.}— The  energy 
measurements  in  the  experiments  here  described  were  made  partly  with  a 
vacuum  bolometer  and  partly  with  a  vacuuhi  thermo-element,  used  with  a 
Jaeger  galvanometer.  A  Fuess  spectrometer  was  used  for  determining  the 
wave-length  of  the  ra3rs  under  investigation.  The  chief  interest  of  the  paper 
is  in  the  diagrams  showing  the  energy  distribution  in  the  different  light- 
sources  used.  The  curve  for  the  Finsen-Reyn  lamp  shows  bands  at  0*46  ii, 
0*42  /«,  0*888  /1, 0*859  /»,  and  0*25  /i,  that  at  0*888  n  being  very  marked.  A  band  in 
th^  ultra-red  is  attributed  to  water- vapour  absorption.  Curves  are  also  given 
for  an  ordinary  d.c.  carbon  arc,  for  the  Kromayer  mercury  lamp,  and  for  the 
sun's  spectrum,  the  zenith  distances  for  the  latter  being  80°  and  60°  at  Mount 
Whitney,  and  80°,  60°,  and  75*5°  at  Washington.  The  sun  curves  have  been 
obtained  from  the  data  of  Abbot.  A.  W. 

67.  Distribution  of  Light  Emission  in  the  Arc  and  Spark,  J.  Kramsztyk. 
(Ann.  d*  Physik,  48.  8.  pp.  875-409,  Oct.  29,  1916.)— Describes  research,  on 
similar  lines  to  those  fdlo\ved  by  Lenard,  upon  the  special  distribution  of 
various  spectrum  lines  in  the  different  parts  of  the  electric  arc  and  spark.  The 
spectra  of  the  alkalies  and  of  the  alkaline  earths  were  investigated,  and  also 
those  of  Ag,  Cu,  Zn,  Al,  and  Mg.  It  was  found  that  in  the  case  of  all  the 
metals  dealt  with,  different  "  layers  "  of  the  arc  give  rise  to  different  sets  of 
lines,  and  the  lines  emitted  by  a  single  layer  are  found  to  belong  to  the  same 
series.  Similar  layer  effects  were  observed  in  the  spark  spectra,  and  com- 
parison of  the  arc  and  spark  results  showed  that  corresponding  lines  were 
emitted  by  corresponding  layers.  Two  new  lines  were  found  in  the  spectrum 
of  copper,  and  it  is  shown  that  there  are  in  this  spectrum  three  pairs  of  lines, 
with  the  constant  frequency-difference  80,  both  in  the  arc  and  spark.  The 
two  new  lines  X5545  and  X5899  are  each  a  component  of  one  of  these  three 
pairs,  the  other  four  lines  having  previously  been  observed  by  Aretz.  The 
method  adopted  in  the  experiments  should  prove  a  useful  one  for  investigating 
spectral  series.  A.  W. 

68.  Interference  Measurements  of  Wave-lengths  in  the  Iron  Spectrum,  K. 
Burns.  (Bureau  of  Standards,  Bull.  12.  pp.  179-197,  1915.)— Between  the 
limits  X2851  and  X8701, 181  wave-lengths  have  been  measured  in  conformity 
with  the  recommendations  of  the  International  Wave-length  Committee. 
Where  it  was  found  possible  faint  lines  as  well  as  strong  ones  were  measured. 
Throughout  the  greater  part  of  the  region  X2987  to  X8701  lines  were  measured 
at  intervals  of  10  A.  units  or  less.  The  spectroscope  used  was  a  2«f  t  grating, 
mounted  in  parallel  light,  and  the  etalon  was  875  mm.  thick.  The  method 
was  that  of  Buisson  and  Fabry.  The  mean  difference  between  the  present 
observations  and  the  I.A.  standards  is  one  part  in  two  million ;  the  systematic 
difference  is  half  of  that.  Between  X2851  and  X8800,  where  there  are  no  I.A. 
standards,  a  comparison  with  the  work  of  Buisson  and  Fabry  shows  a 
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systematic  difference  of  one  part  in  a  million ;  allowing  for  the  systematic 
difference  there  is  a  mean  difference  of  one  part  in  three  million.  The  sys- 
tematic difference  Burns  —  Pfund  is  +  0*001  A.  unit ;  the  mean  difference  is 
±00018  A.  unit  in  the  region  of  wave-lengths  shorter  than  8300.  Com- 
parisons with  different  series  of  grating  measurements  confirm  the  belief, 
which  is  gaining  ground,  that  secondary  standards  are  needed  at  much 
closer  intervals  than  was  at  first  supposed.    [See  also  Abs.  660  (1915).] 

A.  W. 

69.  Temperature  Variations  of  Cobalt  and  Nickel  Furnace  Spectra,  A.  S. 
King.  (Mt.  Wilson  Solar  Observatory,  Contrib.  No.  108.  Astrophys.  J.  42. 
pp.  844-864,  Nov.,  1916.)— A  discussion  is  given  of  the  variations  of  inten- 
sity with  temperature  of  the  spectrum  lines  of  Co  and  Ni  volatilised  in  a 
carbon-tube  electric  furnace.  As  with  similar  work  on  other  metals  [Abs.  54, 
690  (1916)]  the  lines  are  classified  into  groups  according  to  the  temperature 
at  which  they  first  appear  and  their  rate  of  increase  as  the  temperature 
rises.  The  apparatus  was  the  16-ft.  vertical  concave  spectrograph,  using 
the  second  order  giving  a  dispersion  of  1  mm.  s  1*86  A.  as  far  as  X5200 ;  after 
tlMit  the  first  order  to  >6700.  Three  temperatures  were  adopted,  2000-2100°, 
2800^  and  2600-2600°  C,  recorded  by  a  Wanner  pyrometer.  Purified  speci- 
mens of  the  metals  were  used  (Kahlbaum),  and  as  the  carbon  tubes  were  of 
regraphitised  Acheson  graphite,  there  was  little  trouble  with  impurity  lines. 
Details  are  tabulated  for  all  lines  shown  between  X2982  and  X7122.  A  number 
of  lines,  especially  of  Co,  which  have  been  classified  as  enhanced,  appear  in 
the  furnace  spectra,  thus  indicating  that  they  may  not  be  of  pronounced 
enhanced  type.  In  general,  compared  with  the  spectrum  of  the  arc,  the 
furnace  spectrum  is  relatively  richer  in  violet  lines.  C.  P.  B. 

70.  Crossed  Spectra  obtained  by  Different  Combinations  of  Intetferomelers. 
H.  Nagaoka.  (Math.  Phys.  Soc.,  Tdkyo,  Proc.  8.  pp.  220-228,  Oct.,  1916.)— 
In  order  that  spectral  lines  may  be  studied  without  ambiguity  it  is  necessary 
to  employ  combinations  of  interferometers,  as  thereby  "ghosts"  may  be 
eliminated.  The  only  instrument  which  is  almost  free  from  ghosts  is  the 
Fabry-Perot  interferometer,  which  has  the  further  advantage  that  its  resolving 
power  can  be  varied  within  a  very  wide  range.  The  problem  to  be  solved  in 
connection  with  the  combinations  of  interferometers  is  to  find  out  in  what 
curve  the  interference  points  are  arranged,  as  the  wave-length  is  continuously 
varied  within  narrow  limits.  Such  as  fall  outside  the  curve  can  be  recognised 
as  ghosts,  as  shown  by  Gehrcke  and  v.  Baeyer.  The  present  paper  gives  a 
concise  account  of  various  combinations.  The  combinations  dealt  with  are 
(i)  Echelon  and  Lummer-Gehrcke  plate,  (ii)iTwo  Lummer-Gehrcke  plates, 
(iii)  Two  echelons,  (iv)  Echelon  with  Fabry-Perot  interferometer,  (v)  Lummer- 
Gehrcke  plate  and  Fabry-Perot  interferometer,  (vi)  Two  Fabry-Perot  inter- 
ferometers. The  curves  for  the  interference  points  are  dealt  with  in  each 
case,  and  other  possible  combinations  are  suggested  as  being  likely  to  prove 
useful  in  certain  cases.    [See  Abs.  77  (1914).]  A.  W. 

71.  Interference  of  Crossed  Spectra  and  Trains  of  Beating  Light-waves.  C. 
Barus.  (Am.  J.  Sci.  40.  pp.  486-498,  Nov.,  1916.)— If  two  component  spectra 
from  the  same  source  coincide  throughout  their  extent,  the  elliptic  inter- 
ferences will  be  spread  over  the  whole  surface,  provided  the  respective  glass 
and  air  path-differences  of  the  component  rays  are  not  too  great  to  interfere 
with  visibility.    If  now  one  of  the  spectra  be  rotated  180°  around  a  longi- 
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tudinal  axis,  parallel  to  the  red-violet  length  of  the  spectrum  and  normal  to 
the  Fraunhofer  lines,  interference  should  be  possible  only  along  the  infinitely 
thin  longitudinal  axis  of  rotation,  but  interference  has  been  observed  along  a 
definite  longitudinal  band  in  the  spectrum,  about  twice  the  angular  width  of 
the  distance  between  the  sodium  lines,  and  symmetrical  with  respect  to  the 
axis  of  rotation.  It  is  independent  of  the  width  of  the  slit,  provided  this  is 
narrow.  Again,  let  one  spectrum  be  rotated  180°  about  a  given  Fraunhofer 
line,  the  mean  D-line,  for  instance.  The  two  coplanar  spectra  are  now 
mutually  reversed,  and  interference  should  take  place  only  along  the  D  line 
and  be  again  inappreciable.  The  phenomenon,  however,  has  been  observed 
appearing  as  a  single  line,  vividly  coloured  above  the  brightness  of  the  spec- 
trum ;  or  again  more  jet-black  than  the  Fraunhofer  lines  and  located  in  the 
position  of  the  coincident  wave-lengths  of  the  two  superimposed  spectra. 
It  is  possible,  however,  to  obtain  two  spectra  in  such  a  way  that  if  their 
longitudinal  axes  coincide  the  Fraunhofer  lines  intersect  at  a  small  angle, 
and  vice  versa.  In  such  a  case  for  coincident  lines,  interference  occurs  in  a 
band  around  these  lines  and  is  absent  in  the  rest  of  the  spectrum  ;  whereas, 
if  the  longitudinal  axes  are  coincident,  the  interferences  are  arranged  with 
reference  to  these  axes.  Full  details  are  given  of  ^he  experiments.  Dis- 
cussion  of  the  results  leads  to  the  conclusion  (longitudinal  axes  coinciding) 
that  distinct  and  independent  points  of  the  narrow  slit  whose  distance  apart 
along  its  length  is  not  greater  than  01  mm.,  are  capable  of  producing  inter- 
ference in  each  of  the  coloiu's  of  the  spectrum.  Again,  in  the  case  of  rotation 
of  one  spectrum  about  a  transverse  axis,  colours  which  differ  in  wave-length 
by  less  than  half  the  distance  apart  of  the  two  Na  lines  also  admit  of  inter- 
ference. This  permissible  difference  is  thus  relatively  about  AX/X  «  5  X  10^, 
or  less  than  O'l  %.  The  character  of  these  interferences  is  distinctive. 
They  are  not  of  the  regular  elliptic  type^  but  in  form  resemble  a  succession 
of  long  spindles  or  needle-shaped  designs.  The  chief  peculiarity  is  observed 
in  their  aUnost  scintillating  mobility,  which  is  ascribed  to  inevitable  tremors 
of  the  laboratory.  These  results  introduce  the  question  of  beating  wave- 
trains,  which  is  discussed  in  the  light  of  the  experiments.  Further  experi- 
ments in  connection  with  this  subject  are  in  progress.  A.  W. 

72.  Widening  of  Spectrum  Lines  by  the  Doppler-effect,  H.  Nagaoka. 
{Math.  Phys.  Soc.,  T6ky6,  Proc.  8.  pp.  287-248,  Oct.,  1916.)— A  discussion  of 
the  subject  has  recently  been  given  by  Rayleigh  [Abs.  665  (1916)].  The 
present  paper  gives  measurements  of  the  widening  obtained  from  the  width 
of  the  dots  in  photograms  with  a  Fabry-Perot  interferometer  in  which  the  air 
interspace  had  been  increased  to  8  or  9  cm.,  the  widening  to  be  attributed  to 
the  finite  resolving  power  being  thus  insignificant,  as  the  resolving  power  is 
over  two  million  for  both  the  green  and  violet  mercury  lines.  From  the 
results  a  calculation  of  the  limiting  order  of  interference  could  be  made  for 
the  two  lines  studied.  The  numbers  obtained  were  760,000  for  the  green 
line  and  810,000  for  the  violet  line.  The  value  found  by  Perot  and  Fabry  for 
the  green  line  was  790,000,  which  is  4n  good  agreement  considering  the 
difficulties  of  measurement.  A.  W. 

73.  Fine  Structure  of  Mercury  Lines.  H.  Nagaoka.  (Math.  Phys.  Soc., 
Tokyo,  Proc.  8.  pp.  229-287,  Oct,  1916.)— Preliminary  measurements  of  the 
fine  structure  of  Hg  lines  have  already  been  published  [Abs.  666  (1916)]. 
Details  are  now  given  of  the  results  obtained  for  various  Hg  lines.  The  line 
A6i61  was  examined  by  combining  a  Lummer-Gehrcke  plate  with  a  Fabry- 
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Perot  interferometer.  It  was  found  that  the  principal  line  is  a  triplet  with  a 
strong  satellite  on  the  negative  side  and  a  weak  one  towards  the  red.  The 
principal  line  of  the  violet  line  X4859  is  also  a  triplet,  of  which  the  middie 
component  is  rather  weak  compared  with  the  side  components,  each  of 
which  is  associated  with  a  strong  satellite.  The  principal  line  of  X4047 
shows  the  same  character,  consisting  of  a  triplet  having  e  satellite  on 
each  side.  Hence  all  these  three  lines  are  similar,  and  as  they  belong  to 
the  second  subordinate  series  the  distribution  of  the  satellites  is  probablj 
characteristic  of  the  series.  The  principal  line  offX4078.has  three  almost 
equidistant  attendant  satellites,  whose  intensities  gradually  diminish  on 
receding  from  the  principal  line.  The  triplet  is  here  apparently  missing, 
though'  the  line  belongs  to  the  same  series.  Photographs  were  taken  of  the 
lines  X5709  and  X5790.  These^  owing  to  the  long  exposures  necessary,  were 
not  very  distinct.  On  one  of  two  plates,  however,  were  traces  showing  that 
X5709  consists  of  three,  and  X5790  of  five  components.  This,  however,  will 
require  confirmation.  A.  W. 

74.  Width  of  Spectrum  Lines.  A.  L^nd6.  (Phys.  Zeits.  16,  pp.  818-816, 
Sept.  15,  1915.) — ^A  mathematical  treatment  of  the  broadening  of  lines  ob- 
tained by  means  of  a  grating.     [See  also  Abs.  1250  (1915.)]  A.  W. 

76.  New-  Fluorescence  Spectrum  of  Uranyl  Ammonium  Chloride.  E.  L. 
Nichols  and  E.  Merritt.  (Phys.  Rev.  6.  pp.  358-«76,  Nov.,  1915.)— 
Triclinic  plates,  with  the  composition  UOsClt.2NH4Cl.2HtO,  have  been 
prepared  which  exhibit  a  strong  fluorescent  spectrum  which,  unlike  that  of 
other  uranyl  compounds,  is  resolved  at  ordinary  temperatures  into  at  least 
8  groups  consisting  of  5  nearly  equidistant  bands.  The  band  groups  corre- 
spond to  the  single  bands  of  the  ordinary  uranyl  fluorescence  spectrum. 
The  new  spectrum  is  characterised  by  its  remarkable  symmetry ;  not  only 
are  the  distances  (1/X  x  10^  between  the  centres  of  the  groups  the  same,  but 
this  holds  also  for  the  intervals  between  homologous  bands.  There  is, 
however,  in  the  distances  between  neighbouring  bands  in  any  one  group 
a  slight  progressive  diminution  as  we  pass  towards  the  violet.  The  authors 
have  also  made  measurements  of  the  intensities  of  the  bands,  and  of  the 
shifts  and  changes  produced  on  lowering  the  temperature  to  — 185°  C. 
^  The  absorption  spectrum  of  the  crystals  is  equally  symmetrical,  but  the 
constant  frequency  interval  is  somewhat  smaller.  The  absorption  bands  are 
approximately  coincident  with  the  bands  found  by  Jones  and  Strong  for  the 
^mple  chloride  in  solution.  C.  S.  G. 

76.  Spectrum  of  X-rays.  B.  Cabrera.  (Nature,  96.  p.  144,  Oct.  7, 1915.)— 
Kossel  [see  Abs.  1674  (1915)],  discussing  the  previous  measurements  of  the 
frequencies  of  the  corresponding  lines  of  the  spectrum  K  and  L  character- 
istic for  different  elements,  established  certain  numerical  relations  which 
Wagner  [Abs.  1269  (1915)]  confirmed.  In  addition,  the  precise  measure- 
ments of  Bragg  and  Pierce  [Abs.  75  (1915)]  for  the  lines  K^,  K^,  K,  in  Ag, 
Pd,  and  Rh  give  additional  confirmation.  Using  Kossel's  modification  of 
Bohr's  model  for  the  atom,  and  collecting  the  experimental  results  of  Moseley, 
Itutherford,  and  Andrade,  the  aufChor  iltotrates  clearly  the  excellent  agree- 
ment between  the  values  of  the .  diaracterlstfc  frequency  v  iot  several 
elements  ^  calculated  by  the  two  entirely  distinct  liiethods  indicated. 
Th6  intreasingly  complex  nature  of  spectra  as  we  proceed  from. X-rays  to 
vistbie  Hghf  tayS  i^  also  discussed.      *  A.  B.  W» 
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77.  Coefficients  of  Absorption  of  the  Constituents  of  a  Beam  of  Heterogeneous 
Ronigen  Rays ;  and  Coefficient  of  Damping  of  a  Vibrating  Dynamical  System, 
J.  J.  Thomson.  (Phil.  Mag.  80.  pp.  780-788,  Dec,  1916.)— A  mathematical 
paper  dealing  with  a  method  of  finding  the  absorption  coefficients  of  the 
constituents  of  a  complex  beam  of  X-rays.  In  such  a  case  the  intensity  of 
the  rays  after  passing  through  a  thickness  d  of  aluminium  can  be  represented 
by  the  expression  Air-^i^^-f  Aje-M +As^-"M...  A„tf— ^*«<';the  problem  is  to 
find  from  the  2„  necessary  observations  the  values  of  Ai  At ...  A^  ;  Xi,  X», ...  X^. 
Though  the  author  arrived  at  the  method  from  the  consideration  of  the 
absorption  problem,  it  is  shown  to  be  of  much  more  general  appliciition,  and 
applies  to  any  quantity  which  can  be  represented  as  the  sUm  of  a  series  of 
exponentials  of  some  variable,  whether  the  coefficients  of  the  exponent  ar6 
real,  imaginary,  or  complex.  The  cases  of  damjied  and  undamped  vibrations 
are  considered  mathematically  on  this  basis.  A.  B.  W: 

78.  Recoil  of  Radium  D  from  Radium  C.  A.  B.  Wood  and  W. 
Makower.  (Phil.  Mag.  80.  pp.  811-816,  Dec,  1915.)— Many  attempts  have 
been  made  to  detect  the  photographic  action  of  the  recoil  stream  emitted  by 
radio-active  surfaces  [see  Abs.  461  (1916)],  but  hitherto  they  have  been 
unsuccessful  in  detecting  any  direct  action.  It  seemed  possible  that  the 
failure  to  procure  any  direct  photographic  evidence  of  the  recoil  stream 
might  be  due  to  the  extreme  facility  with  which  this  type  of  radiation  is 
absorbed  by  matter ;  for  an  ordinary  photographic  plate  contains  so  much 
gelatin  that  most  of  the  recoil  particles  striking  the  plate  are  absorbed  by  th& 
gelatin  before  colliding  with  a  grain  of  silver  halide.  In  order  to  overcome 
this  difficulty  experiments  were  made  by  Wood  and  Steven  [Abs.  861  (1916)] 
to  obtain  the  effect  by  means  of  Schumann  plates,  using  polonium  as  the 
source  of  the  recoil  stream.  These  experiments  were  unsuccessful,  however, 
for  several  reasons  mentioned  [op^,  «'/.]. 

In  the  present  experiments  the  authors  describe,  a  successful  attiempt  to 
obtain  this  photographic  action  of  recoil  particles,  using  an  extremely-  active 
source  of  RaC  (by  exposing  a  Pt-wirc  to  800  millicuries  of  RaEm  in  a  fine 
capillary  tube).  A  reproduction  of  one  of  the  photographs  is  shown  in 
illustration.  A.  Bp  W^ 

79.  Velocity  of  Electrons  expelled  by  X-rays.  C.  Q.  Barkla  and  G. 
Shearer.  (Phil.  Mag.  80.  pp.  746-768,  Dec,  1916.)— If  the  electrons  in  the 
corpuscular  radiation  from  substances  exposed  to  X-radiation  were  ejected 
under  the  same  conditions  as  those  ejected  by  ultra-violet  light,  the  experi- 
ments of  A.  L.  Hughes  [see  Abs.  1874  (1912)]  would  suggest  that  there  would 
exist  wen- marked  differences  in  the  velocities  from  various  substances. 
Careful  investigation  of  this  question  by  the  authors  has  shown  that  these 
differences  do  not  exist.  The  max.  velocity  of  ejection  does  not  depend 
upon  the  particular  substance  from  which  the  electron  is  ejected.  (Possible 
error  1  to  2  %.)  It  is  shown  that  the  lonisation- Pressure  curves  f or  ionisation 
by  K  and  L  corpuscular  radiations  are  identical.  The  K  and  L  electrons 
from  a  particular  substance  under  the  action  of  X-rays,  although  those  electrons 
are  different  in  ori^n  and  in  association,  are  emitted  withapiiurpodmately  the 
same  velocity.  ^  A.  B.  W^ 
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80.  Thermal  Conductivity  of  Refractories,  B.  Dudley,  Jr.  (Am.  Elcc- 
trochem.  Soc.,  Trans.  27.  pp.  285-828  ;  Disc.,  828-887, 1916.  Met.  and  Chem. 
Eng.  18.  pp.  815-816,  May,  1915.)— The  method  employed  by  the  author 
consists  in  heating  a  wall  of  the  '* brick"  being  tested  with  a  specially 
constructed  coke-fired  furnace,  and  measuring  the  rate  of  heat  flow  through 
a  certain  area  of  the  wall  by  means  of  a  water-jacket  applied  to  the  cold  side. 
Temperature  measurements  (by  Pt-Pt-Rh  couples)  are  made  at  various  points 
in  the  brick,  and  from  the  data  thus  secured  the  conductivity  of  the  material 
of  the  wall  is  calculated.  The  advantages  claimed  in  the  method  are  that 
special  shapes  of  the  substance  are  unnecessary,  and  the  conductivity  is 
readily  calculated  without  recourse  to  complicated  factors  involving  the 
shape  of  the  conducting  body.  From  measurements  of  the  temperature  slope 
in  the  brick  (of  thickness  9  in.)  the  author  calculates  the  conductivity  at 
various  temperatures  up  to  1000°  C.  The  equations  of  the  temperature 
gradients  are  determined  on  the  assumption  that  the  curves  are  parabolas, 
of  general  form  ^  +  «/  -H  «*  -|-  ^  =  0.  The  conductivity  (A/)  at  any  tempera- 
ture f  are  then  obtained  from  the  general  equation,  kfSs(H/A)Hdfldx),  where 
rf//^  =  -if/(2/H-m). 

The  main  results  are  given  below  (in  gm.  cals.  per  sec.  per  inch-cube  per 
degree  C.) :— 


MaUrlaL 

Average  "  k  "  at  100°  C. 

Average  "k"  at  lOnOPC. 

Woodland  

0H)048 
0-0051 
00056 

0-0086 

Quartzite 

Star  silica 

0-0086 
0-0106 

In  the  discussion :  C.  Hering  noted  that  the  surface  resistance,  which  may 
be  very  considerable,  was  not  measured ;  also  that  the  conductivities  at 
higher  temperatures  were  obtained  by  extrapolation.  J.  W.  Richards 
translated  the  results  into  the  form  :  Conductivity  as  a  constant  at  0°  C.  -H  a 
function  of  the  temperature ;  also  in  calories  per  cm.-cube,  so  that 
K^  =  a  +  2p„  The  mean  conductivity  from  (f  to  f  C.  is  then  Km^a  +  pt; 
and  that  between  any  two  temperatures  /'  and  /"  is  K,«  =  a  -f  p(t'  -f  /"). 


a. 

^. 

Cals.  per 
iii.-caoe. 

Gala,  per 
cm.-cuhe. 

Cab.  per 
In.-cubc 

Calt.per 
ciii.«€ube. 

Woodland  brick 

0-0088 
0-0047 
0-0050 

0-0015 
00019 
00020 

00000024 

0-000000196 

0-0000029 

0*0000010 

Quartzite  ........tttTi-tf  ^ 

0-0000008 

Star  silic?^  tr-* t-t 

00000016 

T.  B. 


VOL.  XIX.— A.— 1916. 


Digitized  by  VjOOQIC 


HEAT.  25 

81.  An  Aneroid  Calorimeter.  H.  C.  Dickinson  and  N.  S.  Osborne. 
(Bureau  of  Standards,  Boll.  12.  pp.  2&-48, 1915.)— The  calorimeter  consists  of 
a  cylindrical  copper  vessel,  in  the  walls  of  which  are  embedded  a  heating 
coil  and  a  Pt-thermometer,  thus  differing  from  somewhat  similar  instruments 
by  Eucken  [Abs.  1714  (1909)]  and  others.  The  calorimeter  is  fitted  with  a 
cooling  system  (carbon  dioxide  compression)  and  a  heating  element,  and  these, 
in  connection  with  an  ingenious  thermostatic  appliance,  can  maintain  any 
desired  temperature  between  ^  55^  and  +  40°  C.  within  a  few  thousandths  of 
a  degree.  Differences  in  temperature  between  the  surface  of  the  calorimeter 
and  that  of  the  jacket  are  kept  very  smalt,  and  are  accurately  measured  by 
means  of  multiple  thermo-couples  having  10  junctions  distributed  over  the 
surface  of  each.  It  is  claimed  that,  with  the  same  instrument,  measurements 
can  be  made  from  the  lowest  attainable  temperature  up  to  200°  C.  or  higher, 
and  it  can  be  used  for  both  solids  and  liquids  even  under  high  pressure. 
Determinations  can  be  obtained  within  very  small  intervals  of  temperature, 
and  troublesome  corrections  due  to  evaporation  of  liquid  and  to  energy 
supplied  by  a  stirring  device  are  eliminated. 

Results  of  measurements  of  the  specific  heat  of  water  in  the  range  0°  to 
40°  C.  are  given,  and  an  accompanying  curve  shows  a  minimum  at  a 
temperature  of  about  82^  C,  with  no  discontinuity  in  the  neighbourhood 
of  0^  C,  where  the  results  of  previous  observers  have  been  discordant 
These  results  agree  well  with  a  large  number  of  unpublished  measurements 
obtained  in  the  same  laboratory  by  means  of  the  usual  fomi  of  stirred 
calorimeter.  The  apparatus  has  been  used  for  a  variety  of  problems,  includ- 
ing the  specific  heat  and  latent  heat  of  fusion  of  ice  [see  Abs.  1547  (1915)]. 

T.  B. 

82.  New  Method  for  determining  the  Specific  Heats  of  Liquids.  E.  J. 
Hartung.  (Faraday  Soc.,  Trans.  11.  pp.  64-68,  Oct.,  I915.)--The  method 
consists  in  introducing  into  a  known  weight  of  the  liquid,  a  sealed  glass 
bulb  containing  a  known  weight  of  ice  at  a  known  temperature.  The 
details  of  the  apparatus  and  method  of  working  are  given.  The  following 
results  of  the  specific -heat  determinations  between  17°  and  20°,  were 
obtained  :— Methyl  alcohol,  0*591 ;  ethyl  alcohol,  0*564 ;  ethyl  ether,  0  541 ; 
carbon  disulphide,  0*234 ;  aniline,  0*472 ;  nitrobenzene,  0*842.  A.  F. 

83.  The  Variation  of  the  Specific  Heat  of  Solids  with  Temperature.  A.  H. 
Compton.  (Phys.  Rev.  6.  pp.  877-889,  Nov.,  1915.)— A  theoretical  paper 
containing  a  quantitative  explanation  of  the  variation  of  the  specific  heat 
of  solids  with  temperature,  at  very  low  temperatures,  which  does  not  involve 
the  conception  of  energy  quanta.  The  investigation  is  based  on  the  assump- 
tion that,  if  the  relative  energy  between  two  neighbouring  atoms  in  a 
solid  falls  below  a  certain  critical  value  (e),  the  two  atoms  become  agglomer- 
ated so  that  the  degree  of  freedom  between  them  vanishes,  reappearing 
again  as  soon  as  the  energy  increases  above  the  critical  value.  The  author 
first  writes  the  internal  energy  (U)  of  the  atoms  in  a  form  involving  P,  the 
probability  that  a  certain  possible  degree  of  freedom  shall  exist ;  P  is  then 
found  from  the  above  assumption  by  applying  Maxwell's  distribution  taw, 
so  that  U  and  consequently  C^,  are  determined.  The  value  of  Cv  so  ob- 
tained is  Coo  ^^  (tI'^  +  1)»  where  r  =  e/2R ;  R  being  the  gas  constant  for  a 
single  molecule,  r  can  be  determined  from  the  experimental  values  of  C, 
if  Cqo  is  known.  Rayjeigh  gives  Coo  =  ^^ '»  ^^^  this,  combined  with  the 
experimental  values  of  C^,  makes  the  ratio  C^/Cgo   approach  1*02  as  a  limit 
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at  higher  temperatures.  Hence  for  the  calcalatioas  In  this  paper  Qoo  is 
chosen  so  that  the  limiting  value  of  the  ratio  is  unity.  The  values  of  e  for  a 
number  of  different  substances  can  thus  be  calctilated  and  it  i&  found  that 
it  is  equal  to  6*44  x  10^  v  erg ;  v  being  taken  from  Nemst  and  Liede- 
mann's  results.    Thus  t  is  very  nearly  equal  to  Planck'd  quantum. 

The  last  part  of  the  paper  is  devoted  to  a  critical  disctkssion  of  the  theory 
of  Debye's  expression  for  C^.  It  is  shown  that  his  equation  must  be  con- 
sidered to  be  largely  empirical ;  so  that  Einstein's  expression  should  be 
taken  as  the  true  result  of  the  quantum  theory.  It  is  claimed  that  the  new 
expression  for  the  specific  heats  agrees  better  with  the  experimental  results 
than  that  obtained  by  Debye  and  much  better  than  that  due  to  Einstein. 

D.  O.  W. 

84.  Change  of  Specific  Heat  of  Gases  with  Temperature,  W.  M.  Thorntoa. 
(Electrician,  75.  pp.  948-949,  Oct.  1,  1915.  Paper  read  before  the  British 
Assoc,  at  Manchester .)~The  first  report  of  the  Gaseous  Explosions  Committee 
[B.  A.  Report,  p.  806,  1908,  and  Abs.  1156b  (1908)]  contains  a  discussion  of 
experimental  work  on  specific  heats.  It  is  there  divided  into  three  classes  : 
(1)  Constant  pressure  experiments  ;  (2)  Constant  volume  experiments* 
(a)  Direct  determination  with  steam  calorimeter,  (6)  Explosions  ;  (8)  Experi- 
ments in  which  both  volume  and  pressure  are  varied.  In  every  case  the 
effective  specific  heats. are  found  to  increase  with  rise  of  temperature. 
Values  of  the  *'  molecular"  specific  heats,  taken  from  a  discussion  by  Lewis 
and  Randall  [see  Abs.  1849  (1912)],  are  given. 

A  cause  of  this  increase  of  specific  heat  with  rise  of  temperature  has 
been  referred  to  by  Callendar  [op,  cit.]  with  special  reference  to  radiation. 
It  is  now  shown  by  the  author  that  another  cause,  which  may  play  an  impor- 
tant part  even  in  steady-flow  experiments,  at  moderate  temperatures,  is  to 
be  found  in  the  obvious  mechanical  fact  that  when  moving  bodies  adhere 
and  spin  round  their  common  centre  of  mass  there  is  loss  of  translational 
energy  of  the  whole.  A  gas  in  which  this  action  is  proceeding  contains 
more  energy  available  as  heat  than  is  indicated  by  its  temperature.  The 
specific  heats  will  be  therefore  raised.  T.  B. 

85.  Characteristics  of  Radiation  Pyrometers,  Qu  K.  Burgess  and  P.  D« 
Foote.  (Bureau  of  Standards,  Bull.  12.  pp.  91-178,  1915.)— The  first  part 
of  this  paper  gives  an  account  of  the  principles  underlying  the  operation 
of  total  radiatioa  pyrometers  and  describes  some  representative  types. 
Some  20  instruments  were  examined  in  the  course  of  tlie  research,  including 
the  various  forms  of  Fery,  Foster,  Thwing,  and  Brown  pyrometers,  A 
considerable  portion  oi  the  paper  is  devoted  to  the  examination  of  the 
sources  of  error  met  with,  and  to  the  description  of  methods  of  eliminating 
or  correcting  these.  The  principal  errors  noticed  are  shown  to  lie  in  the 
design  and  mechanical  construction  of  the  instruments  themselves,  and  cer- 
tain, of  these  errors,  such  as  lag,  require  that  the  pyrometer  be  calibrated 
under  the  same  conditions  of  time  of  exposure,  distance  from,  and  aperture 
of  source  ks  will  obtain  in  actual  use.  Other  errors  considered  in  the  paper 
are  stray  reflection,  convection  currents-,  intervening  atmosphere,  siee  of* 
source,  and  tarnishing  of  receiving  mirror.  Through  this  last  effect  errors 
of  more  than  100  deg.  C.  may  readily  be  introduced.  Fnrthor,  it  is  shown 
that  the  errors  due  to  varying  the  focusing  distance  may  ftntount  to  several 
hundred  degrees  unless  suitable  precautions  are  taken;  The  error  intrd* 
dnced  by  the  selectivity  of  the  gold  ^mirror  of  a  F^ry  pyrometer  does  not 
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become  appteciable  until  above  2600°  C,  but  may  cause  an  error  of  500^  C. 
at  sun  temperature. 

In  general,  radiation  pyrometers  behave  as  "grey"  receivers  and  obey 
a  law  similar  to  the  Stefan-Boltzmann  law,  viz.  EssaT^  where  6  is  a 
constant  slightly  different  from  4  and  varying  with  the  particular  pyrometer 
used.  The  value  of  b  depends  on  the  design  of  the  instrument  and  is 
found  to  vary  from  8'6  t6  4*5  in  the  20  pyrotneters  investigated.  The  same 
instrument  of  the  Fery  type  may  have  a  different .  exponent  according  as  it 
is  used  with  or  without  the  sectored  diaphragm.  For  the  rapid  comparison 
of  <lifferent  types  of  photometer  and  the  determination  of  the  effects  Of 
sire  of  aperture  and  focusing  distance  a  "  comparison  "  radiator  consisting 
of  a  nickel  (oxide)  strip  electrically  heated  is  employed.  This  is  first 
calibrated  against  a  black  body  and  thereafter  forms  a  convenient  source 
of  radiation  for  comparative  measurements  on  th6  same  type  of  instrument 
where  its  selectivity  will  not  introduce  any  appreciable  error,  while  its 
size  and  quickness  in  heating  give  it  a  great  advantage  over  the  ordinary 
black  body.  Finally,  the  application  of  the  radiation  pyrometer  to  the 
determination  of  the  total  emissivity  of  selective  radiators  and  to  the  measure- 
ment of  temperatures  is  briefly  Considered.  J.  W.  T.  W. 

86.  Emissivity  of  Metals  and  Oxides.  II.  Measurements  with  the  Micro- 
pyrometer.  G.  K.  Burgess  and  R.  Q.  TValtenberg.  (Bureau  of  Standards, 
Bull.  11.  pp.  591-605, 1915.)— Part  I  of  this  work  dealt  with  the  emissivity  of 
nickel  oxide  [see  Abs.  478  (1916)].  The  micropyrometer,  an  instrument  for 
the  determinsttion  of  the  monochromatic  eraissivities  of  metals,  etc.,  in  micro- 
scopic quantities,  has  already  been  described  [Abs.  621  (1918)].  The  authors 
now  explain  the  use  of  the  instrument  for  comparing  the  emissivity  of  a 
substance  with  that  of  Pt,  where  e=^0'Z3  for  X  =  0-650 /i,  and  «  =  0-88  for 
K  =  0*547  /i.  The  micropyrometer  is  brought  alternately  to  the  same  bright- 
ness as  a  Pt  strip  and  the  surface  whose  emissivity  is  sought,  the  latter  resting 
on  the  Pt  strip  as  the  temperature  is  raised.  The  apparent  temperatures  of 
the  surfaces  are  then  measured  in  succession.  The  emissivity  E\  is  calculated 
from  Wien's  equation,  log  Ex  =  c  logw  el\  .  1/T  —  1/S,  where  c  =  14,450,  and 
T  and  S  are  the  absolute  true  and  equivalent  temperatures  of  the  substance. 
Measurements  of  emissivity  wtthTed  and  with  green  light  have  been  made  of 
28  metals  and  12  oxides.  It  is  found  that  practically  all  the  metals  examined 
have  a  negligible  temperature  coefl&cient  of  emissivity  from  20°  C.  to  the 
melting-point.  Nickel  oxide,  however,  has  a  well-defined  negative  coefficient. 
There  is  a  discontinuity  in  emissivity  for  X  =  0*65  /i  for  s6me  of  the  metals, 
including  Pt.  This  would  tend  to  destroy  the  constancy  of  the  Violle  unit  of 
light,  which  is  based  on  the  luminous  radiation  from  Pt  at  its  melting-point. 

T.  B. 

87.  Emissivity  of  Metals  and  Oxides.  IV.  Iron  Oxide.  G.  K.  Burgess 
and  P.  D.  Foote.  (Bureau  of  Standards,  Bull.  12.  pp.  88-89,  1915.)— The 
object  of  the  investigation  is  the  determination  of  the  monochromatic 
emissivity  for  a  wave-length  Xss0t65/i,  and  the  total  emissivity  of  iron  oxide 
formed  by.  heating  iron  ia  air. .  [See  preceding*  ^bs.  for  former  papers.] 
Several  methods  were  tried,  but  the  only  one  giving  satisfactory  results  was 
that  oi  the  "  microscopic  melts*"  A  small  sample  of  the  oxide  is  placed  on  a 
Ni  or  Pt  strip  heated  electrically.  Upon  the  oxide  are-  placed  minute  pieces 
ol  sodium  chloride,  sodium  solptiate,  and  gold.  At  the  iastant  of  melting  of 
tme. of. M;ie8e  substances  the  apparent  temperature  of  the  oxide  surface  is 
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observed  by  a  Holborn-Kurlbaum  optical  pyrometer,  employing  light  of 
wave-length  X=:0*65/i.  The  emissivity  E\  is  given  by  Wien's  equation. 
The  total  emissivity  is  determined  by  means  of  a  Fery  pyrometer.  Iron 
oxide  in  the  spectral  region  (XssO'65/i)  is  found  to  be  almost  ''black/'  its 
emissivity  ranging  from  0-98  to  0*92  between  temperatures  800°  to  1200°  C. 
The  totaa  emissivity  increases  from  0*85  to  500°  C.  to  0*89  at  1200°  C,  the 
values  above  800°  being  obtained  by  extrapolation.  The  corrections  necessary 
to  apply  to  the  readings  of  a  radiation  pyrometer  in  this  temperature-range 
vary  from  80°  to  50°  C.  A  large  temperature  gradient  is  found  to  exist 
through  the  oxide  layer  formed  on  the  surface  of  iron  tubes  heated  electrically 
in  air.  T.  B. 

88.  Incandescent  Solids  with  Subnormal  Infra-red  Emission.  W.  W, 
Coblentz.  (El.  World,  66.  pp.  1155-1156,  Nov.  20,  1915.)~It  has  been 
shown  that  solids  can  emit  banded  spectra  [see  Abs.  226  (1909)],  and  the 
author  has  found  that  a  thin  thread  of  a  complex  aluminium  silicate  supported 
by  a  rod  of  AltOs  emits,  when  brought  to  a  state  of  incandescence,  light  of  a 
spectral  distribution  containing  deep  indentations  in  the  infra-red.  The 
natural  result  is  a  considerably  enhanced  radiant  efficiency,  relatively  less 
energy  being  emitted  in  the  invisible  infra-red  region  than  is  the  case  with 
radiators  having  a  normal  spectral  distribution.  J.  W.  T.  W. 

89.  holhermals  of  Monatomic  Gases  and  of  their  Binary  Mixtures,  XVII. 
Isothermals  of  Neon  and  Preliminary  Determinations  concerning  the  Liquid  Con- 
dition of  Neon,  H.  K.  Onnes  and  C.  A.  Crommelin.  (K.  Akad.  Amster- 
dam, Proc.  18.  pp.  615-520,  Oct.  80,  1915.  Ck>mm.  No.  liHd  from  the  Phys. 
Lab.,  Leiden.)— This  paper  contains  a  first  instalment  of  the  isothermal 
determinations  for  neon,  including  those  for  0^  and  20°  C.  from  20-98  atmos. 
and  20-84  atmos.  respectively,  and  parts  of  those  for— 182-6°  —200-1°, 
—  2081°,  —218 1°  and  —  217-6°  C.  The  virial  coefficients  at  20°  and  0°  are 
calculated  to  be:  Aa,  10781  and  0-199986;  B*  x  10»,  0-61578  and  0-41884, 
and  Ca  X  10«,  0*82778  and  1-1688  respectively.  The  vapour  pressures  were 
determined  directly  as  the  pressures  of  a  bath  of  liquid  neon,  the  temperature 
of  which  was  measured  by  a  helium  thermometer  : — 


Temperature. 

Vapour  Pressure  In  cm.  of 
Mercury. 

Density  of  Uie  Uquid 

—  246-68°  C 

81-62 

__ 

—  245-88 

76-71 

1-204 

—  246-92 

7600  (boiling  point) 

— 

—  246  66 

60*62 

— 

—  247-49 

46-16 

— 

—  248-51 

82*50 

1-248 

—  248-67 

82-85  (triple  point) 

— 

The  pieces  of  isothermals  at  low  temperatures  are  too  short  and  have, 
therefore,  too  few  characteristic  features  to  yield  the  critical  constants  of 
neon  by  the  method  of  drawing  them  in  a  logarithmic  diagram  and  making 
this  fit  the  diagram  of  another  substance  of  known  critical  data  by  parallel 
motions  in  two  directions.  Definite  results,  although  of  only  preliminary 
value,  are  however,  obtainable  by  utilising  in  addition  the  value  of  the 
critical  pressure,  the  net  of  isothermals  of  neon  in  a  fvfT  —  log  ^-diagram 
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being  placed  on  that  for  hydrogen,  oxygen,  or  argon  and  the  temperatures  of 
coincident  isothermals  ascertained.  The  critical  temperature  of  neon  is  thus 
found  to  be:  from  hydrogen,  —281-2°  and  —  288*2° C;  from  oxygen, 
—  28(WC. ;  from  argon,  —227-9  to  — 228^C.  T.  H.  P. 

90.  Application  of  the  Principle  of  Dynamical  Similitude  to  Molecular 
Physics.  W.  B.  Hardy.  (Roy.  Soc,  Proc.  92.  pp.  82-100,  Nov.  1, 1915.)— 
The  principle  of  dynamical  similitude  is  developed  and  applied  to  the  case  of 
the  internal  heat  of  evaporation.  It  is  found  that  if  temperature  be  pro- 
portional to  the  mean  energy  of  progressive  motion  of  the  molecules,  the 
internal  latent  heats  of  dynamically  corresponding  states  should  be  given  by 
the  equation  LM  =s  ar,  where  L  is  the  latent  heat,  M  the  gramme-molecular 
weight,  a  a  constant,  and  r  the  temperature.  This  equation  may  be  used 
either  to  identify  corresponding  temperatures  or  to  test  some  assumption  as 
to  corresponding  temperatures.  In  this  paper  the  assumption  made  is  that 
the  critical  states  are  dynamically  corresponding  states,  and  that  corre- 
sponding temperatures  are  equal  fractions  of  the  critical  temperature.  The 
equation  for  internal  latent  heats  is  then  found  to  have  the  form  LM  -)-  6=  ar 
for  normal  paraffins  and  for  certain  halogen  derivatives  of  benzene.  The 
conclusion  is  drawn  that,  subject  to  the  assumption  being  correct,  the 
potential  energy  of  repulsive  forces  acting  between  the  molecules  contributes 
to  the  process  of  evaporation.  An  examination  of  the  alternative  view  that 
corresponding  temperatures  may  be  identified  by  the  relation  LM  =  ar  is 
deferred  for  the  present.  A.  F. 


91.  Further  Experiments  with  Liquid  Helium.  XXV.  Determination  of 
the  Temperatures  obtained  with  Liquid  Helium,  especially  in  connection  with 
Measurements  of  the  Vapour  Pressure  of  Helium.  H.  K.  Onnes  and 
S.  Weber.  (K.  Akad.  Amsterdam,  Proc.  18.  pp.  498-507,  Oct  80,  1915. 
Comm.  No.  1476  from  the  Phys.  Lab.,  Leiden.)— The  authors  give 
the  results  of  new  determinations  of  the  vapour  pressure  of  helium,  based 
on  more  accurate  temperature  measurements,  together  with  a  contribution 
to  the  knowledge  of  the  correction  for  the  thermal  molecular  pressure, 
which  has  to  be  applied  with  constant-volume  thermometers  for  low  tem- 
peratures with  gas  under  diminished  pressure  if  the  manometer  is  kept  at  the 
ordinary  temperature.  The  difficulties  inherent  in  the  determination  of  the 
lowest  temperatures  are  discussed.  Two  thermometers,  one  provided  with 
a  mercury  manometer  and  the  other  with  a  very  small  heated- wire  mano- 
meter were  used.  The  differences  between  the  previous  results  [Abs.  509 
(1912)]  and  those  now  obtained — see  table  below — are  explainable  by  the 
correction  for  the  thermal  molecular  pressure  : — 


TeoipeiJiture. 

Vapour  Precsure, 
mm.  Hg. 

Vapour  Pressure, 
mm.  Hg. 

4-22°  K. 

4-91 

5-05 

767 

1829 
1520 

510°  K. 
515 
5-20  (crit.) 

1569 
1668 
1718 

These  results  cannot  be  represented  by  Nernst's  vapour-pressure  formula  and 
appear  to  agree  only  very  imperfectly  with  the  Bose-Rankine  formula  contain- 
ing four  constants,  \ogp  =  A  +  B/T  -|-  C/T*  +  D/T".  T.  H.  P. 
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92.  Isoihermals  for  Air,  Argon,  and  Heliutn.  X.  Holborn  and  H. 
Schultze.  (Ann.  d.  Physik,  47.  8.  pp.  1089-1111,  Sept  14,  1916.  Com- 
munication from  the  Physikal.-Techn.  Reichsanstalt.)— Describes  experi- 
mental determinations  of  the  isothermals  for  air,  argon,  and  heliam  between 
0*^  and  200°  C.  The  pressures  were  obtained  by  means  of  a  pressure  balance 
previously  described  [Abs.  1281  (1910)].  The  results  are  tabulated  and  a 
discussion  of  them  will  be  given  in  a  subsequent  paper.  A.  W. 

93.  On  von  Babo*s  Law  and  KirchhojgTs  Equation  for  the  Latent  Heat  of 
Dilution.  A.  W.  Porter.  (Faraday  Soc,  Trans.  11.  pp.  19-28 ;  Disc,  47--50, 
Oct.,  1916.)— Three  methods  arc  given  for  deducing  the  latent  heat  of 
reversible  dilution  of  a  solution  in  terms  of  the  vapour-pressures  of  solution 
and  solvent,  and  the  increase  of  volume  s  of  the  solution  when  1  gm.  of 
solvent  is  added  to  a  large  quantity  of 'it  The  more  accurate  expressions 
deduced  in  this  way  become  identical  with  Kirchho£E's  equation — 

H  =  RT»()/^T.log(7ro/ir) 

when  certain  approximations  are  made,  e,g.  assuming  that  s  is  independent  of 
the  temperature  and  that  the  vapour  follows  the  perfect  gas  law.  A  closer 
approximation  can  be  obtained  l)y  assuming  for  the  vapour  the  equation 
»  — ftasRT/^  —  c,  where  b  is  practically  1  c.cm.  and  c  varies  as  the  10/8 
power  of  the  temperature.  The  physical  meaning  of  Kirchho£Ps  equation  is 
discussed,  special  attention  being  directed  to  the  effects  produced  by 
hydration  of  the  solvent  and  of  association  of  the  solute.  T.  M.  L. 

94.  Vapour  Pressures  of  Sulphur  Dioxide  and  Nitrous  Oxide  at  Temperatures 
below  their  Normal  Boiling-points.  Q.  A.  Burrell  and  I.  W.  Robertson . 
(Am.  Chem.  Soc,  J.  87.  pp.  2691-2694,  Dec,  1916.)— For  sulphur  dioxide  the 
vapour  pressure  ranges  from  760  mm.  at  — 11*0°  to  0*6  mm.  at  —94-4°  and  for 
nitrous  oxide  from  760  mm.  at  — 88*7°  to  1  mm.  at  — 144*1°.  The  equations 
to  the  curves,  calculated  from  the  Nernst  formula,  log  p  =  X/4*671  T  +  1*76  log 
T  —  cT/4-671  +  C,  are  found  to  be  :  for  liquid  SO,,  log  P  =  —  1448-01/T-I-8-426, 
and  for  solid  N,0,  log  P  =  — 1282-2|/T  -h  9679.  The  average  heats  of  evapora- 
tion  over  the  temperature  range  studied,  calculated  by  means  of  the  Clausius- 
Clapeyron  equation,  are  6619  and  6682  cals.  per  gm.-mol.  of  liquid  SOt  and 
solid  N,0  respectively.  T.  H.  P. 

96.  Probability  Theorem  and  Radiation.  M.  v.  Laue.  (Ann.  d.  Physik, 
47.  7.  pp.  868-878,  Sept.  8,  1916.)— A  highly  analytical  treatment  as  to  the 
probability  of  the  irregularities  of  the  space  distribution  of  point  sources 
and  of  their  radiation  and  an  application  to  Planck's  quantum  theory  of 
radiation.    [Abs.  874  (1916).]  E.  H.  B. 

96.  Probability  Theorem  and  Radiation,  A.  Einstein.  (Ann.  d.  Physik, 
47.  7.  pp.  879-886,  Sept  8, 1916,)— A  mathematical  discussion  of  M.  v.  Lane's 
treatment.    [See  preceding  Abstract]  E.  H.  B. 

97.  Quantum  Theory  and  Hydrogen  Atom.  J.  Ishiwara.  (Math.  Phys. 
Soc,  Tokyo,  Proc  8.  pp.  178-186,  July,  1916.)— A  mathematical  treatment  of 
the  subject    [See  Abs.  1192  (1916).]  E.  H.  B. 
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ELECTRICITY  AND  MAGNETISM. 

THEORY,  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY, 

98.  Origin  and  Maintenance  of  the  Earth's  Charge,  Part  I.  W.  ^.  Q. 
Swann.  (Terrest.  Magnetism,  20.  pp.  105-126,  Sept.,  1915.  Paper  read 
before  the  Am.  Assoc,  for  Advancement  of  Science,  Aug.,  1915.) — It  is  an 
established  fact  that  at  practically  all  times  and  over  practically  the  whole  of 
the  earth's  surface  the  potential  gradient  is  of  such  a  sign  that  the  potential 
increases  with  altitude,  and  consequently  there  is  a  negative  charge  distributed 
over  the  surface  of  the  earth.  Owing  to  the  conductivity  of  the  air  this 
charge  is  constantly  leaving  the  earth  at  a  rate  which  the  author  calculates 
would  reduce  the  potential  gradient  to  1/lOth  of  its  initial  value  in  10  minutes 
if  no  fresh  charge  were  supplied.  Further,  the  atmosphere  is  positively 
charged,  so  that  the  potential  gradient  decreases  with  increase  of  altitude. 
One  hypothesis  to  explain  the  fact  that  the  charge  on  the  earth  is  not  depleted 
is  that  negative  electricity  is  fed  into  the  earth  from  the  outside  in  some 
unspecified  manner,  in  which  case  the  vertical  conduction  current  which 
leaves  the  surface  must  be  dissipated  again  into  space.  The  effects  following 
on  this  hypothesis  are  investigated,  and  it  is  found  that  such  a  theory  does  not 
lend  itself  very  naturally  to  an  explanation  of  the  observed  phenomena.  A 
second  hypothesis  is  that  electricity  may  be  deposited  by  some  agency  in  the 
atmosphere  and  upon  the  earth  below,  the  net  amounts  for  the  atmosphere 
and  the  earth  being  equal  but  of  opposite  sign,  positive  for  the  former  and 
negative  for  the  latter.  If  such  replenishment  takes  place  at  one  portion  of 
the  earth  only,  as  is  sometimes  supposed,  certain  difficulties  are  introduced 
in  the  way  of  obtaining  an  approximately  equal  potential  gradient  over  the 
whole  surface,  and  it  is  found  that  unless  the  resistance  of  the  upper  layers  of 
the  atmosphere  is  extremely  small  the  potential  gradient  would  be  zero  at  all 
points  other  than  those  where  the  replenishment  was  in  progress.  Such 
,small  resistances  may,  however,  be  assumed  according  to  present  evidence 
upon  the  subject,  so  that  this  difficulty  is  not  serious.  Various  theories  are 
discussed  briefly,  and  then  the  possibility  of  finding  a  satisfactory  explanation 
of  the  observed  facts  by  qieans  of  a  convection  current  theory  is  looked  into 
in  detsut  iThi^  theory  supposes  that  positive  charges  drawn  by  some  means 
from  ^ne  earth  may  be  carried"  rip  into  the  higher  levels  of  the  atmosphere  by 
means'  of  ascendinjg  ^Bsftiyely-iinarged  air,  so  that  the  "  conduction  "  current 
of  positive  electricity  doWnWardk  would  be  balanced  by  this  "  convection  " 
current  upwirds.  There  irconsidei*a*bre  difficulty  in  seeing  how  the  positive 
charges  could  be  carried  to  any  grekt  height 'by  this  means,  as  it  is  proved  that 
they  woulA 'Quickly  be  dissipated  ii'biA'  the  fha^sefe  of  air  which  carried  them, 
so  tiiat  the  cofav^dtibh  aA<i  conduction'  cufrents  wbtild  be  reduced  to  a  very 
smaD  vaiiie.^  within  about  lObO'm;^  height  From  this  it  follows  that  the 
potentiarjgrkdient  \vould  also'  almost'  Vanish  within'  this  he&ht.  Thus  this 
theiry  dioes  not  secni  to  afford'  a  SjJtisfactoi^y^explanation'  of  the  ficts.  In  a 
latet  pipei'  the  ^utiiOT  iiro6osei  to  pursue  It i  sub jeet  further:'        '    t'.  S.  Di. 

;  -i    '.'     ■•<-    ".'"         i.         •»■       (  .'.,'<■....      /*    }:  ■•In".  •    ^ 

I..  .     BiSOHARGE.  AND -OSCILLATIONS.      .)i       .      ,  ... 

99.  ETeptrical  Conductivity  and  [tumtnosiiy  of  Ftdmes  coktainiHg  Sati 
Vapours.  H.  A.  ^ilson.  i^Rby.  Soc.,  Phil.  Tilins.  216.  pp:  i5i^90,'lflflfe:)-^ 
The  author  describes  a  strbbbscopic  method  of  itbeastiring  thd'  velocity  6f  *a 
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flame  by  injecting  into  it  a  series  of  paffs  of  salt  spray  which,  observed 
through  the  perforations  of  a  rotating  disc,  can  be  made  to  appear  stationary. 
The  velocity  v  is  given  by  v^ssn{xi — xt),  where  n  is  the  number  of  puffs 
injected  per  sea  and  xi,  xt  are  the  heights  of  two  neighbouring  puffs  as  seen 
through  the  disc.  On  applying  a  downward  electric  field  the  positions  of  the 
puffs  are  unaltered  so  that  the  luminous  vapours  in  a  Bunsen  flame  are  not 
appreciably  deflected  by  an  electric  field.  The  motion  of  a  luminous  streak 
observed  by  Lenard,  Ebert,  and  Andrade  was  probably  due  to  the  deflection 
of  the  flame  containing  it,  which  deflection  is  difficult  to  estimate  and  allow 
for.  Even  when  the  field  is  strong  enough  to  produce  an  arc  the  positions  of 
the  puffs  are  unchanged  although  luminosity  appears  in  other  parts  of  the 
flame.  The  results  suggest  that  positive  ions  can  be  made  to  move  out  of  the 
luminous  vapour  by  an  electric  field,  and  that  these  positive  ions  are  not 
luminous  but  can  form  luminous  vapour  after  recombination. 

The  velocity  of  the  positive  ions  was  measured  by  finding  the  potential 
gradient  in  the  flame  necessary  to  make  them  move  down  against  the  flame 
gases  from  a  bead  of  salt  inserted  just  under  t!ie  upper  electrode.  The 
velocity  is  about  1*0  cm./sec.  per  volt/cm.  and  is  the  same  for  all  salts.  The 
author  shows  that  the  discrepancy  between  this  and  the  much  higher  values 
found  previously  by  him  and  by  Lusby  [Abs.  867  (1912)]  is  due  to  salt  vapour 
getting  into  the  flame  below  the  salt  bead.  In  the  present  work  all  flame 
gases  and  salt  vapour  are  carried  away  by  a  chimney,  which  the  flame 
enters.  In  the  absence  of  this  chimney,  the  higher  values  are  obtained. 
Hence  Andrade's  criticism  [Abs.  1567  (1912)]  of  the  previous  experiments  is 
correct. 

A  series  of  experiments  on  the  conductivity  and  luminosity  of  salt  flames 
was  carried  out,  using  two  similar  flames  in  each  of  which  the  current 
between  parallel  electrodes,  and  the  potential  gradient  in  the  flame,  could  be 
measured.  One  flame  was  kept  constant  and  the  conductivity  and  luminosity 
of  the  other  under  varying  conditions  were  compared  with  it.  The  luminosities 
were  compared  by  a  spectro-photometer.  For  electrodes  close  together  the 
current  depends  mainly  on  the  fall  of  potential  at  the  negative  electrode  and 
the  conductivity  of  the  flame  in  the  uniform  potential  gradient  between  the 
electrodes  has  litde  influence  upon  the  current :  thus  the  current  under 
constant  p.d.  between  the  electrodes  cannot  be  taken  as  a  measure  of  the 
conductivity.  The  conductivity  is  here  taken  as  the  ratio  of  the  current  to 
the  uniform  potential  gradient  in  the  flame,  where  Ohm's  law  holds.  It  is 
found  that  both  the  conductivity  and  luminosity  of  a  flame  containing  NaCl 
vary  nearly  as  the  square  root  of  the  concentration  of  the  salt  vapour  in  the 
flame ;  and  the  conductivities  and  luminosities  of  chemically  equivalent 
amounts  of  NaCl  and  NatCOs  are  equal. 

The  effects  upon  luminosity  and  conductivity  of  adding  various  amounts 
of  HCl  and  chloroform  to  a  sodium  flame  were  determined.  It  is  concluded 
that  the  effects  are  due  to  a  change  in  the  character  of  the  flame  and  not  to 
chemical  action.  It  was  also  found  that  the  presence  of  a  large  amount  of 
KaCOt  does  not  change  the  luminosity  due  to  NatCOi  although  the  KsCOs 
greatly  increases  the  total  conductivity.  This  seems  to  show  conclusively 
that  the  luminosity  is  not  due  to  positive  ions.  The  KtCOs  increased  the 
number  of  negative  ions  present  by  nine  times  and  therefore  must  have 
diminished  the  number  of  positive  Na-ions  in  the  same  ratio.  That  the* 
negative  ions  from  KaCOi  do  combine  with  the  positive  from  NatCOs  is  shown 
by  the  fact  that  the  conductivity  of  the  mixture  of  sodium  and  potassium 
carbonates  is  less  than  the  sum  of  their  separate  conductivities. 
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The  same!  apparatus  was  used  to  determine  the  relation  between  con- 
ductivity of  the  salt  flame  and  the  concentration  of  salt  vapour  in  the  flame. 
It  is  found  that  the  variation  of  concentration,  k,  with  the  conductivity,  c,  for 
alkali  salts  can  be  represented  by  the  formula  10*)^  =[(c*  —  l)/c](6  +  ac), 
using  proper  values  for  the  constant  a  and  6,  for  each  salt.  This  equation  is 
also  deduced  from  the  ionic  theory,  and  it  is  shown  that  6/(6  +  ac)  is  the 
fraction  of  salt  molecules  ionised  in  the  flame.  The  percentage  of  salt 
molecules  ionised  when  the  concentration  is  very  small  is  for  Cs,  91  %  ; 
Rb,  69  %  ;  K,  68  % ;  Na,  1-6  %.  The  constant  6  is  proportional  to  the 
molecular  weight  of  the  salt.  According  to  the  theory  this  shows  that  all 
salts  give  negative  ions  having  the  same  velocity  in  the  same  electric  field. 

The  conductivity  of  a  mixture  of  salts  agrees  with  that  calculated  from  the 
ionic  theory.  It  is  also  shown  that  alkaline  chlorides  and  carbonates  impart 
«qual  conductivities  to  the  flame  for  chemically  equivalent  concentrations. 
In  earlier  experiments  (when  the  current  due  to  a  constant  p.d.  between 
the  electrodes  was  taken  as  a  measure  of  the  conductivity)  it  was  found  that 
at  large  concentrations  oxysalts  gave  greater  currents  than  the  haloid  salts. 
The  present  experiment s|show  that  the  conductivity  is  the  same  for  both  at 
all  concentrations.  T.  H , 

100.  Carbon  Consumption  in  Electric  Arc,  W.  Q.  Duffield.  (Roy.  Soc., 
Proc.  92.  pp.  122-148,  Dec.  1, 1916.) — Describes  experiments  to  determine  the 
rate  of  consumption  of  d.c.  arc-lamp  carbons  (i)  at  various  arc  lengths  and  with 
various  currents,  and  (ii)  in  its  bearing  on  the  luminous  radiation  from  the  arc. 
Under  (i)  it  is  found  that  the  loss  of  weight  per  coulomb  for  a  given  current 
density  increases  with  increasing  arc  length  until  a  nearly  constant  value  is 
reached  at  about  8  mm.  This  is  true  for  both  electrodes,  although  there  is  a 
difference  in  the  initial  behaviour  of  anode  and  kathode.  The  general  shape  of 
the  curve  obtained  is  explained  by  the  increasing  oxidation  of  the  hot  poles  as 
the  arc  is  lengthened,  a  limit  being  reached  when  further  increase  of  length  has 
no  effect  on  the  amount  of  air  which  has  access  to  them.  For  long  arcs  the  loss 
per  coulomb  decreases  with  increasing  current.  For  very  short  arcs  (order 
of  0*1  mm.)  at  all  current  strengths  from  2  to  100  amps,  the  loss  per  coulomb 
from  the  kathode  is  constant  and  about  8*2  x  10"^  gm.,  remarkably  near  the 
electrochemical  equivalent  of  tetravalent  carbon.  It  is  concluded,  therefore, 
that  the  loss  of  an  atom  of  carbon  from  the  kathode  of  a  very  short  carbon 
arc  is  accompanied  by  the  transfer  of  four  electronic  charges  of  electricity, 
whereas  in  long  arcs  there  is  an  additional  loss  due  to  combustion  or  evapora- 
tion. The  influence  of  the  results  of  these  experiments  on  existing  theories 
of  the  electric  arc  is  discussed  at  considerable  length,  and  the  mechanism  of 
the  short  arc  is  separately  considered.  In  the  last  section  of  the  paper  it  is 
shown  that  increased  rate  of  consumption  of  the  electrodes  means  increased 
luminosity  in  the  arc.  J.  W.  T.  W, 

101.  A  Mode  of  Studying  Damped  Oscillations  by  the  Aid  of  Shrinking 
Vectors.  D.  Robertson.  (Inst.  El.  Eng.,  J.  64.  pp.  24-84,  Dec.  1, 1916.)— 
The  equations  for  a  simple  oscillating  circuit  are  deduced  in  a  manner  exactly 
analogous  to  that  ordinarily  applied  to  sustained  alternating  currents.  The 
amplitude  of  the  oscillation  is  represented  by  a  rotating  vector,  but  its 
extremity  traces  out  a  logarithmic  spiral  instead  of  a  circle,  while  the  rate* 
of-change  vector  is  (90°  +  ^)  ahead  instead  of  90°,  and  has  an  amplitude 
{t?  +  o*)^,  or  uo,  times  as  great  instead  of  w.  The  converse  holds  for  the 
time-integral. 
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From  these  premises,  the  di£Ferential  equation  for  a  shrinking  sine  func- 
tion is  deduced  by  a  purely  elementary  geometrical  method,  and  the  ordinary 
equations  for  such  functions  are  obtained.  The  special  case  of  critical  damp- 
ing is  separately  dealt  with,  and  then  the  paper  proceeds  to  "  over-damped 
oscillations,"  for  which  a  new  representation  of  an  exponential  function  is 
required.  This  is  given  by  a  vector  spinning  about  the  axis  of  projection 
(the  non-periodic  axis),  sweeping  out  a  cone  around  that  axis,  while  its- 
extremity  traces  a  spiral  on  the  cone.  The  velocity  of  spin  is  the  "  damping, 
velocity,"  a.  It  is  shown  that  an  imaginary  rotation  about  the  ordinary 
periodic  axis  is  a  real  spin  about  the  non-periodic  axis,  and  vice  versa.  The 
exponential  values  of  the  sine  and  cosine  follow  at  once  from  this  idea,  and 
are  given  a  tangible  meaning,  while  at  the  same  time  the  analogies  between 
the  circular  and  h)rperbolic  functions  appear  in  a  new  light. 

The  equations  for  over-damped  oscillations  are  easily  deduced  in  this^ 
way,  and  the  whole  theory  of  simple  oscillations,  damped,  critically  damped^, 
and  over-damped  (non-periodic),  is  thus  brought  within  the  range  of  ele- 
mentary mathematics,  while  the  mental  picture  afforded  by  the  vector  dia- 
grams is  of  value  even  to  the  highly  trained  mathematician. 

The  method  is  applicable  to  vibrations  of  any  kind,  but  the  author  has 
had  electrical  oscillations  mainly  in  view,  and  concludes  the  paper  by  apply- 
ing it  to  the  cases  of  a  condenser  charged  and  discharged  through  an  induc- 
tive resistance.  The  original  paper  must  be  referred  to  for  mathematical 
details.  Author. 

102.  Silent  Discharge  in  Gases  at  Atmospheric  Pressure,  S.  Sachs. 
(Ann.  d.  Physik,  47.  7.  pp.  886-926,  Sept.  8,  1915.)— The  silent  discharge 
at  atmospheric  pressure  was  experimentally  studied  in  air,  oxygen,  COj, 
N,  H,  and  a  mixture  of  Ne  and  He.  It  was  found  that  the  presence 
of  chemical  processes  in  the  silent  discharge  distinctly  favoured  the  con- 
ductivity of  the  gas.  The  paper  includes  many  tables  and  curves  giving  the 
details  of  the  behaviour  of  each  gas.     [See  Abs.  1664  (1911).]  E.  H.  B. 

103.  Radiation  of  Sparks  from  Oscillators.  J.  de  Kowalski.  (Archives 
des  Sciences,  40.  pp.  886-889,  Oct.,  1916.  Paper  read  before  the  Soc.  Suisse 
de  Physique.)— An  experimental  research  from  which  it  is  concluded  that 
oscillating  electric  sparks  between  metal  electrodes  emit  a  radiation  only 
slightly  absorbable  by  air  or  quartz  but  very  absorbable  by  water.  The 
radiation  is  but  slightly  dependent  on  the  capacity  in  use.  [See  Abs.  1811 
a»14).]  E.  H.  B.- 

ELECTRICAL   PROPERTIES  AND   INSTRUMENTS. 

104.  Thermoelectromoiive  Force  of  Certain  Iron  Alloys.  T.  S.  Fuller. - 
(Am.  Electrochem.  Soc,  Trans.  27.  pp.  241-248;  Disc,  248-261,  1916.)— A 
study  of  the  eflFect  of  composition  on  the  thermoelectric  force  of  certain  base- 
metal  alloys.  Alloys  of  Fe-Ni,  Fe-Cr,  Fe-Co,  Fe-Ni-Cr,  and  Fe-Ni-Mn  were 
prepared  by  melting  the  requisite  quantities  either  in  vacuo  or  in  an  atmo- 
sphere of  hydrogen.  They  were  drawn  out  to  wire  0*01  in.  in  diam.  and  a 
couple  of  each  was  formed  with  copper  as  standard ;  the  junctions  were 
maintained  at  0°  and  100°  C.  The  results  are  represented  by  a  series  of 
tables  and  curves.  For  the  binary  alloys  the  thermoelectric  force  is  plotted 
against  the  composition.  An  equilateral  triangular  diagram  is  used  for  the 
ternary  allo3rs  in  which  the  perpendicular  distance  from  the  sides  represents- 
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the  proportion  of  the  constituents.  The  chief  points  raised  in  the  discussion 
are :  (1)  lack  of  data  on  effect  of  carbon  and  silicon  content ;  (2)  effect  of 
annealing ;  (8)  method  of  representing  the  results  for  ternary  alloys  ;  (4)  resist- 
ance of  the  alloys  to  oxidation.  L.  L. 

106.  Vibration  Eleciromcier.  H.  L.  Curtis.  (Bureau  of  Standards, 
Bull.  11.  pp.  585-552,  1915.) — A  vibration  electrometer  can  detect  very 
minute  alternating  currents.  The  instrument  described  by  the  author  is  a 
modification  of  the  quadrant  electrometer.  By  means  of  it  capacities  of  the 
value  of  0001  mfd.  have  been  measured  at  50  cycles  with  an  accuracy  about 
10  times  greater  than  can  be  obtained  by  any  vibration  galvanometer  in  the 
author  s  laboratory.  For  smaller  capacities  the  advantage  is  still  greater.  It 
is  useful  only  when  the  impedance  of  the  bridge  arms  is  very  high,  so  that 
the  current  which  flows  through  them  is  very  small.  It  cannot  be  used  at 
frequencies  much  above  100  cycles  on  account  of  the  moment  of  inertia  of 
the  vane.  In  this  instrument  the  four  quadrants,  taken  in  order,  of  a 
quadrant  electrometer,  are  replaced  by  four  insulated  plates  A,  B,  A',  B',  each 
2  cm.  X  1  cm.  The  two  plates  A  and  B  which  lie  in  the  same  plane  are  at  a 
variable  distance  of  about  1  mm.  from  the  plane  containing  A'  and  B'.  The 
diagonally  opposed  plates  AA'  and  BB'  are  electrically  connected.  A  light 
Al  vane,  which  can  vibrate  about  a  vertical  axis,  is  supported  between  AB 
and  A^B'  by  means  of  a  bifilar  suspension.  If  an  electrostatic  charge  is  given 
to  the  vane,  and  an  alternating  e.m.f .  is  applied  to  the  plates,  the  vane  will 
vibrate  in  the  period  of  the  e.m.f.  When  in  resonance,  the  amplitude  will 
depend  upon  the  damping,  and  as  air  damping  is  a  large  part  of  the  total 
damping, ~  the  whole  instrument  is  placed  under  a  bell  jar  which  can  be 
exhausted.  This  electrometer  can  detect  low-frequency  alternating  currents 
as  small  as  10~"^  amp.  The  theory  is  developed  mathematically,  and  the 
conclusions  verified  by  experiment.  The  important  conclusions  are  as 
follows : — (1)  For  any  given  adjustment,  thefrequency  at  which  max.  deflec- 
tion is  obtained  depends  upon  the  potential  of  the  vane.  As  the  latter 
increases  the  former  decreases.  (2)  When  the  voltage  on  the  vane  is 
increased,  the  deflection  for  a  given  voltage  on  the  plates  increases  more 
rapidly  than  the  first  power  of  the  voltage.  The  sensitivity  cannot  be 
increased  indefinitely  in  this  way,  since  the  frequency  will  become  zero 
before  the  sensitiveness  becomes  infinite.  (8)  The  deflection  is  inversely  pro- 
portional to  the  damping.  It  is  shown  that  the  damping  due  to  a  well-con- 
structed suspension  is  exceedingly  small.  (4)  As  the  damping  is  decreased^ 
the  range  of  frequencies  over  which  the  instrument  can  be  used  is  greatly 
diminished.  Hence  it  is  not  important  to  decrease  the  damping  beyond  a 
reasonable  point.  (5)  Some  time  is  required  before  the  amplitude  becomes' 
constant.  This  time  increases  as  the  damping  decreases.  (6)  The  power 
required  to  give  unit  deflection,  at  resonance,  decreases  in  the  same  ratio  as 
the  damping. 

Numerous  curves  are  given  in  the  paper.  I.  W.. 

106.  Simple  Thermal  Instruments  for  Current  Measurement.  W.  H.  £ccle& 
and  A.  J.  Makower.  (Electrician,  76.  pp.  288-284,  Nov.  19,  1915.)— If  an 
air-bubble  be  formed  in  a  horizontal  glass  tube  containing  a  liquid  such  as 
alcohol^  the  application  of  heat  to  the  outside  of  the  glass  near  one  end  of 
the  bubble  will  cause  the  latter  to  move  towards  the  point  of  higher  tem- 
perature.  The  heat  may  be  generated  by  the  passage  of  a  current  through 
thcrmo-junctions  or  through  a  wire  of  high  resistance.    When  the  i^lass  tube 
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is  straight  and  horizontal  the  instrument  is  very  sensitive,  bat  ha^  no  definite 
zero.  This  difficulty  can  be  overcome  by  bending  the  tube  in  the  middle  till 
the  two  arms  make  an  angle  of  about  170° ;  the  bubble  is  then  stable  when  at 
the  top  of  the  bend.  In  the  first  instrument  described  the  heat  was  generated 
in  a  No.  47  Eureka  wire  only  a  few  mm.  long.  The  bubble,  which  was 
6  mm.  long,  was  formed  in  a  tube  of  8*8  mm.  bore  and  0  88  mm.  wall  thickness ; 
its  position  was  read  by  means  of  a  microscope.  The  form  of  instrument 
that  the  authors  suggest  consists  of  such  a  tube  mounted  on  a  hinged  base 
in  such  a  way  that  the  bubble  can  be  brought  back  to  zero  by  turning  a  screw 
provided  with  a  vernier  head.  Various  modifications  of  this  instrument  have 
been  tried  by  the  authors,  and  their  experiments  indicate  that  the  motion  of 
the  bubble  is  due  to  change  of  surface  tension  with  the  temperature.  The 
authors  point  out  (1)  that  the  instrument  is  very  simple  in  construction ;  (2) 
that  the  parts  carrying  current  do  not  come  near  any  metal  masses  (hence 
freedom  from  capacity  troubles)  ;  and  (8)  that  the  inductance  is  very  small. 
For  these  reasons  it  is  especially  suitable  for  the  measurement  of  h.f .  currents. 

I.W. 

107.  A  Highly  Sensitive  Electrometer.  A.  L.  Parson.  (Phys.  Rev.  6. 
pp.  890-899,  Nov.,  1916.)— Illustrated  description  of  a  modified  form  of 
quadrant  electrometer  with  low  electrostatic  capacity  (4  to  5  cm.  and 
upwards).  In  practice  the  electrometer  can  detect  8  x  10^  volt  (with  needle 
potential  and  scale  distance  6  m.).     ^  L.  H.  W« 

ALTERNATING  CURRENTS   AND   MAGNETISM. 

108.  Phase  Difference  of  Sim  Currents,  G.  Lignana.  (Accad.  Sd. 
Torino,  Atti,  50.  pp.  884-840, 1914-1915.)— A  detailed  study  of  the  practical 
applications  of  the  method  devised  by  G.  Ferraris  for  measuring  phase 
differences,  in  which  the  two  currents  are  sent  through  coils  normal  to 
each  other  and  the  induced  e.m.f.  is  measured  in  a  movable  coil  turning 
about  the  axis  of  symmetry  of  the  two  fixed  coils.  E.  E.  F. 

109.  Non-uniform  Distribution  of  Alternating  Currents  in  Iron  Conductors. 
L.  Lombardi.  (N.  Cimento,  10.  pp.  284-248,  and  249-255,  Sept.-Oct., 
1915.) — Instead  of  confining  his  determinations  to  the  equivalent  thickness 
of  "  skin  "  having  a  purely  ohmic  resistance,  the  author  determines  separately 
the  resistance  and  the  inductance,  as  well  as  the  hysteresis  loss,  in  iron  rods 
1,  2,  and  8  cm.  in  diam.  respectively,  and  several  metres  long,  bent  into 
circles.  The  measurements  of  effective  resistance  show  a  mean  divergence  of 
8'7  %  from  the  theoretical  values  in  four  specimens,  but  the  deviations  are  in 
both  senses.  The  inductances  show  a  better  agreement.  The  author  adds 
an  investigation  of  the  distribution  of  periodic  fluxes  of  magnetic  induction. 

E.  E.  F. 

110.  Magnetic  Study  of  Mechanical  Deformation,  H.  HaDemann  and 
P.  D.  Merica.  (Am.  Inst.  Mining  Eng.,  Bull.  No.  108.  pp.  2871-2885,  Dec., 
1915.) — The  principal  material  used  was  a  soft  iron  low  in  carbon.  A  wrought 
iron,  a  sample  of  nickel,  and  a  nickel  steel  were  also  used.  These,  in  the 
form  of  rods,  were  turned  down  to  the  test  shape  desired,  and  annealed 
at  950°  C.  in  nitrogen  or  in  vacuo.  The  magnetic  measurements  took  place 
by  means  of  the  ballistic  method,  applied  to  the  specimen  while  in  the  testing 
machine.  Extensions  were  determined  by  an  extensometer,  the  elastic  limit 
being  taken  as  that  least  value  of  the  stress  at  which  there  remained  a 
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permanent  elongation  of  00002  per  cent.  After  demagnetisation,  a  B-H 
curve  of  a  specimen  was  determined  for  zero  load,  and  the  effect  of  stress 
on  magnetic  induction  found  differentially  by  the  use  of  an  unstressed 
comparison  bar  ;  any  change  of  stress  was  always  preceded  by  demagnetisa- 
tion of  the  bars.  Induction-stress  curves  are  given  for  iron  which  show  the 
Villari  point.  The  results  are  given  somewhat  as  follows : — The  permeability 
of  iron  is  independent  of  the«previous  elastic  history  of  the  material  if  (1)  the 
cycles  of  stress  have  been  within  the  elastic  limit,  and  (2)  the  number  of 
cycles  has  been  small.  There  is  a  close  and  nearly  linear  relation  between 
the  elastic  limit  of  soft  iron  and  the  values  of  the  stress  at  which  the  perme- 
ability maxima  occur,  as  the  material  is  elongated.  The  conclusion  is 
reached  that  the  magnetic  method  is  applicable  to  the  study  of  the  previous 
mechanical  history  of  such  annealed  iron  as  was  investigated.  The  per- 
meability of  this  material  was  not  affected  if  kept  under  the  elastic  limit. 
Initial  stress  effects  were  observed  in  the  material  when  tested  as  received, 
and  also  after  quenching  in  water.  G.  £.  A. 

111.  Saturation  Value  of  the  Intensity  of  Magnetisation  and  the  Theory  of  the 
Hysteresis  Loop,  E.  H.  ^Villiams.  (Phys.  Rev.  6.  pp.  404-409,  Nov.,  1915.) 
—P.  Weiss  has  shown  that  an  alloy  of  Fe  and  Co  in  relative  amounts  repre- 
sented by  FesCo  gives  a  higher  saturation  value  (I^)  for  the  intensity  of 
magnetisation  than  either  Fe  or  Co  alone.  D.  Yensen  has  also  observed 
that  the  magnetic  properties  of  pure  iron  are  greatiy  improved  by  melting 
the  iron  in  a  vacuum.  In  the  present  paper  the  author  investigates  the  value 
of  I,,  for  the  alloy  Fe^Co  prepared  under  various  conditions  and  has  also 
tested  some  samples  lent  by  P.  Weiss.  It  will  be  seen  from  the  following 
data  taken  from  the  paper  that  the  effect  of  melting  under  diminished 
pressure  and  forging  is  to  increase  the  value  of  I^, 


Fe»Co  (forged  with  steam 
hammer.  Melted  under  pres- 
sure 1  mm.  Hg) 

Fe»Co  (forged  with  steam 
hammer.  Melted  under  pres- 
sure 0*5  mm.  Hg) 

FeiCo  (melted  and  cast  at  at- 
mospheric pressure.  Sample 
from  P.  Weiss) 

FetCo  (re-melted  under  0*5  mm. 
Hg.    Forged)  2038 


2050 


2056 


1752 


Commercial  steel 1751 

Electrolytic  iron  (melted  under 
pressure  8  mm.  Hg) 1798 

Cobalt  (pure,  StiQer)   1421 

Cobalt  (99  %  pure.  Melted 
under  pressure  1  mm.  Hg)...    1504 

FeiCo  (not  forged.  Melted 
under  pressure  8  mm.  Hg)...    1791 

FetCo  (hand  forged.  Melted 
under  pressure  8  mm.  Hg)...    1962 

FetCo  (forged  with  steam 
hammer.  Melted  under  pres- 
sure 8  mm.  Hg)    1977 

The  author  also  tests  the  hysteresis  loss  theory  of  J.  Kunz  [Abs.  1444  (1912)] . 
According  to  this,  the  hysteresis  loss,  between  fields  ±  Hi  and  corresponding 
Hh  Ji,  is  a  function  of  Hi,  Ii,  I^,  and  H^  (coercive  force).  The  hysteresis  loops 
and  constants  involved  were  determined  for  FetCo  before  and  after  annealing 
and  also  for  a  sample  of  pure  iron  after  annealing.  The  losses  determined 
experimentally  agree  well  with  those  calculated  by  the  theory.  L.  L. 

112.  Temperature  Coefficient  of  Magnetic  Permeability  within  Vie  Working 

Range,    R.  L.  Sanford.    (Bureau  of  Standards,  Bull.  12.  pp.  1-10, 1915.) — 

In  magnetic  measurements  made  at  the  Bureau  of  Standards  it  has  been 

found  that  the  heating  effect  of  the  current,  empbyed  to  produce  fields  of  100 
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to  800  gauss,  changes  appreciably  the  value  of  the  induction  for  a  given 
field.  The  usual  practice,  when  an  accuracy  of  1  %  is  desired,  has  been 
to  immerse  the  coil  in  an  oil  bath  maintained  at  a  constant  temperature 
of  25^.  The  object  of  the  present  investigation  is  to  determine  the  magnitude 
of  the  temperature  effect  and  to  see  whether  it  is  possible  to  apply  a  correc- 
tion in  order  to  reduce  the  measurements  made  at  any  temperature  to  some 
standard  temperature.  The  materials  investigated  were  cast-iron,  wrought 
iron,  and  low-carbon  steel  in  the  form  of  rings.  These  were  subjected  to 
various  heat  treatments.  The  ballistic  method  of  measurement  was  employed 
and  the  results  are  represented  in  the  paper  by  a  series  of  curves.  The  chief 
conclusions  to  be  drawn  are  : — (1)  The  temperature  coefficient  of  magnetic 
permeability  though  small  cannot  be  neglected  in  measurements  of  high 
accuracy.  (2)  On  account  of  the  wide  variation  in  the  temperature  co- 
efficient not  only  for  different  materials  but  for  the  same  material  with  - 
different  heat-treatments,  correction  cannot  be  made  to  standard  tempera- 
ture from  data  obtained  from  other  mater^ils.  (8)  Control  of  temperature 
is  essential  if  errors  as  great  as  1  %  are  to  be  avoided  in  magnetic 
measurements.  L.  L. 

113.  Magnetic  Testing  of  Bars  of  Straight  or  Curved  Form.  A.  Campbell 
and  D.  TV.  Dye.  (Inst.  El.  Eng.,  J.  54.  pp.  85-45,  Dec.  1, 1916.  El.  Rev.  77. 
pp.  859-861,  Dec.  81, 1915.  Abstract.)— The  authors  describe  some  methods 
they  have  recently  employed  in  magnetic  testing  where  the  magnetising 
field  H  is  measured  by  the  aid  of  subsidiary  search  coils  and  not  calculated 
from  the  amp.-turns  and  mean  length  of  the  magnetising  coil.  Such  methods 
have  been  previously  employed  by  Ewing  and  Low,  Madame  Curie,  Denso, 
and  Gumlich  and  Rogowski  [Abs.  497b  (1912)] .  In  the  present  investigation 
two  methods  of  measuring  H  have  been  used.  In  the  first,  the  differential 
method,  two  coils  of  slightly  different  diams.  but  containing  the  same  number 
of  turns  are  wound  concentric  with  one  another  and  with  the  specimen,  the 
coil  of  smaller  diam.  being  close  to  the  test  bar.  These  coils  are  connected 
in  opposition,  and  the  e.m.f.  induced  in  them  when  the  magnetising  field  is 
increased  is  proportional  to  the  increase  of  field  in  the  annular  space  they 
enclose.  A  third  coil  of  still  larger  diam.  may  be  connected  in  opposition 
with  the  second,  and  the  increase  of  field  in  the  annular  space  enclosed  by 
the  second  and  third  obtained.  The  increase  of  field  at  the  surface  of  the 
bar  can  thus  be  deduced. 

In  the  second  method  a  small  search  coil  is  placed  close  to  the  surface 
of  the  specimen  but  not  linked  with  it,  its  axis  being  parallel  to  the  surface 
and  in  the  direction  of  H.  For  a  curved  bar  the  coil  is  wound  on  a  flat 
paper  core,  which  is  well  varnished  with  cellulose  acetate  enamel,  bent 
round  and  allowed  to  dry  hard.  When  the  coercive  force  and  remanence 
of  a  magnetic  substance  are  to  be  measured,  the  magnetising  fields  must 
be  sufficiently  strong  to  produce  saturation.  In  the  case  of  a  thin  specimen 
(0*5  cm.  diam.)  or  an  equivalent  bundle  of  strips  the  authors  use  the  Isthmus 
method  of  Ewing.  They  dispense  with  the  elaborate  coned  pieces,  it  being 
found  sufficiently  accurate  to  fit  the  ends  of  the  specimen  into  thick  soft-iron 
discs  which  may  be  separated  from  the  laminated  magnet  limbs  by  air-gaps 
1  or  2  mm.  in  width.  The  specimen  is  not  rotated  through  180°,  but  the 
magnetising  field  reversed.  The  time  lag  was  practically  negligible.  Inactive 
area  in  a  bundle  of  strips  is  compensated  for  by  a  small  mutual  inductometer 
whose  primary  is  in  series  with  the  magnetising  circuit  and  whose  secondary 
is  in  opposition  to  the  B  search  coil.  For  testing  thicker  bars  or  rods  (up 
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to  2'5  cm.  diam.)  a  ring  yoke  apparatus  similar  to  a  recent  design  by  Gumlich 
was  employed. 

The  paper  contains  curves  showing  the  results  of  B-H  tests  on  electro- 
'lytic  iron,  mild  steel,  silicon  iron  sheet,  magnet  steel,  cast-iron,  cobalt,  invar, 
nichrome,  electrolytic  nickel  and  a  nickel  steel  with  19*9  %  Ni.  In  an 
appendix  the  authors  refer  to  magnetic  potentiometer  methods  for  practical 
testing.  Chattock  [Phil.  Mag.  24.  p.  94,  1887]  described  such  a  method, 
4uid  recently  Rogowski,  R.  Goldschmidt,  and  F.  Goltze  have  made  measure- 
ments with  apparatus  designed  on  this  principle.  L.  L. 

114.  Magnetic  Survey  of  Pacific  Ocean,  L.  A.  Bauer  and  W.  J.  Peters. 
(Terrest.  Magnetism,  20.  pp.  9$-10d,  Sept.,  1916.  Paper  read  at  a  meeting  of 
the  Am.  Assoc,  for  Advancement  of  Science,  San  Francisco,  1916.) — This  was 
organised  by  the  Carnegie  Institution,  and  a  preliminary  survey  was  made  in 
4he  Ga/i7tf^  between  Aug.,  1906,  and  June,  1908,  swings  of  the  vessel  being  made 
for  the  determination  of  the  ship's  deviation-coefEcients  and  constants  at  the 
beginning  and  end  of  c^ch  cruise,  and  as  frequently  as  practicable  at  sea  and 
4it  ports  of  call.  Although  many  precautions  were  taken  in  the  fitting  out  of 
the  vessel  to  remove  magnetic  matter,  it  was  realised  that  a  specially  built 
^on-magnetic  ship  would  in  the  end  prove  most  efficient  and  economic^,  and 
for  this  purpose  there  was  obtained  the  Carnegie,  and  the  programme  was 
extended  to  include  a  magnetic  survey  of  all  the  oceans,  beginning  in  June, 
1910,  and  designed  to  be  completed  in  Dec,  1916.  During  the  period  Aug., 
1906,  to  July,  1916,  in  addition  to  the  observations  made  in  the  Atlantic  and 
Indian  Oceans,  689  values  of  the  magnetic  declination,  and  678  each  of  dip 
4ind  intensity  have  been  observed  in  the  Pacific  Ocean  aboard  the  Galilee  and 
■Carnegie.  In  addition,  numerous  observations  have  been  made  to  obtain  data 
ioT  determinations  of  secular  change,  and  instrumental  comparisons  made  at 
*he  magnetic  observatories  of  Sitka,  Honolulu,  Zi-ka-wei,  Tokio,  Christchurch, 
and  Apia.  A  diagram  is  given  showing  the  regions  of  all  the  largest  errors  of 
present  charts  of  declination  up  to  June,  1916.  From  a  table  giving  the  annual 
changes  it  is  seen  that,  with  few  exceptions,  those  given  by  the  Galilee  and 
Carnegie  are  numerically  larger  than  those  given  by  the  British  and  United 
States  charts.  Tables  of  corrections  are  also  given  for  dip  and  horizontal 
intensity.  Observations  of  atmospheric  refraction,  atmospheric  electricity 
including  potential-gradient,  conductivity,  and  radio-active  content,  are 
referred  to,  and  the  usual  meteorological  data.  Conductivity  over  the  ocean 
Tvas  found  to  be  greater  than  over  land,  and  the  radio-active  content  much 
smaller.  C.  P.  B. 

RADIOGRAPHY  AND  ELECTROPHYSIOLOGY. 

tl6.  Localisation  of  Projectiles — Appliances  for  Ozil  MetJtod,  Buff  on  and 
T.  Ozil.  (Archives  d'El  Medicale,  28.  pp.  829-886,  Nov.,  1916.)— By  means 
-of  the  apparatus  here  described  the  bulb  can  be  placed  in  any  desired  posi- 
tion with  respect  to  the  plate,  and  so  the  errors  due  to  faulty  centring  and 
measurement  of  the  height  of  the  bulb  are  avoided.  It  gives  the  orthogonal 
projection  of  the  markers  upon  the  plate,  and  makes  it  possible  to  recover  by 
means  of  a  simple  diagram  that  of  the  foot  of  the  normal  ray  and  that  of  the 
J>rojectile.  It  further,  in  the  operating  room,  makes  it  possible  to  place  the 
patient  in  exactly  the  same  position  as  that  which  he  occupied  upon  the 
radiographic  plate.  The  apparatus  and  method  of  using  it  are  fully 
'described.  A.  E.  G. 
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116.  Metallographic  Research  on  the  Thallium-Selenium  System,  T.  Mura- 
kami. (Kyoto  Coll.  Sci.,  Mem.  1.  pp.  158-159,  May,  1916.)— This  system  of 
elements  has  been  studied  by  means  of  the  methods  of  thermal  analysis. 
The  selenium  used  had  a  melting-point  of  217^  C,  while  the  thallium  melted 
at  287°  C,  both  of  which  values  are  somewhat  lower  than  the  true  values  for 
the  pure  materials.  The  equilibrium  diagram  indicates  that  Tl  forms  three 
compounds  with  Se,  viz.  TUSe,  TlSe,  and  TljSej.  The  first  forms  brittle,  dark 
grey,  needle-shaped  crystals  which  melt  at  about  868°  C.  TlSe  is  similar  to 
TlsSe  but  is  somewhat  tougher  and  melts  at  810°  C.  These  two  compounds 
are  insoluble  in  each  other  in  the  solid  state  and  form  a  eutectic  which  contains 
21  %  Se  and  melts  at  288°  C.  TlSe  reacts  with  the  selenium  melt  at  265°  C.  to 
form  /3  TliSea,  which  in  turn  undergoes  a  transformation  into  the  a  form  at 
166°  C.  The  TliSea  forms  a  eutectic  with  Se  which  contains  62%  Se  and 
melts  at  150°  C.  Above  the  liquidus  the  melt  separates  into  two  layers,  one 
having  the  composition  between  55  and  97'5  %  Se,  and  the  other  between  5 
and  15-5  %  Se. 

The  results  of  the  thermal  investigation  were  confirmed  by  microscopic 
examination.  F.  C.  A.  H.  L. 

117.  Reciprocal  Solubility  of  Copper  and  Lead,  B.  Bogitch.  (Comptes 
Rendus,  161.  pp.  416-419,  Oct.  4,  1915.)— The  addition  of  lead  to  copper 
results  in  the  formation  of  the  so-called  ''  double  layer  "  when  the  proportion 
of  lead  exceeds  a  certain  value.  According  to  some  investigators  thi& 
formation  of  the  double  layer  is  brought  about  by  the  difEerence  in  density 
of  the  two  metals  provoking  an  unequal  separation  of  the  two  constituents  at 
the  moment  of  solidification,  the  two  metals  being  miscible  in  all  proportions 
in  the  liquid  state.  Other  workers  hold  that  the  separation  takes  place  in  the 
liquid  state.  In  order  to  settle  the  matter  definitely  the  author  has  examined 
specimens  quenched  from  certain  temperatures  above  the  melting-point  of 
the  particular  alloy  and  also  specimens  withdrawn  at  different  heights  from 
molten  alloys.  The  results  show  that  copper  and  lead  do  form  a  double  layer 
in  the  liquid  state  when  the  Cu-content  lies  between  84*5  and  87  %.  This 
double  layer  can  only  exist  between  940°  and  975°  C,  the  temperature  at 
which  the  melt  becomes  homogeneous  depending,  of  course,  on  the 
composition  of  the  alloy.  F.  C.  A.  H.  L» 

118.  Platinum-Osmium  Alloys.  (U.S.  Pat.  Reissue  18,691  [Original  No.,. 
1,055,119J.  Met.  and  Chem.  Eng.  18.  p.  762,  Oct.  15,  1916.  Abstract.)— 
F.  Zimmermann  fuses  Pt  with  from  0*5  to  10  %  of  osmium  to  obtain  hard  Pt 
alloys  as  substitute  for,  Pt-Ir.  One  part  of  Os  is,  as  to  hardness  effect,  equal 
to  2^  of  Ir ;  alloys  with  more  than  10  %  Os  are  hardly  workable ;  the  Os 
alloys  are  ductile,  of  high  tensile  strength,  and  resist  acids  better  than  Pt-Ir.. 
For  jewellery  alloys  with  2  %  of  Os  are  recommended,  for  contact  points 
alloys  of  from  6  to  10  %.  The  metals  must  be  refined  before  being  fused 
together.     The  natural  metals  cannot    directly  be  used  owing   to  their 

mpurities  [see  also  Abs.  1849  (1916)] .  H.  B.. 
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119.  On  the  Heterogeneity  of  Steel,  H.  le  Chatelier  and  J.  Lemoine. 
(Comptes  Rendus,  161.  pp.  878-878,  Sept.  27, 1915.  Rev.  de  Met.  12.  pp.  649- 
664,  July,  1916.)— Commercial  steels,  when  examined  microscopically,  often 
show  an  abnormal  distribution  of  the  pearlite,  which,  instead  of  beings 
arranged  evenly  amongst  the  ferrite,  is  found  in  parallel  bands.  This 
striated  appearance  is  ascribed  to  the  influence  of  phosphorus,  and  the 
phenomenon  provided  an  example  of  the  law  of  distribution  of  a  body 
between  two  solvents,  carbon  being  much  less  soluble  in  phosphoric  iron 
than  in  pure  iron.  For  a  long  time  experiments  have  been  made  with  a  view 
to  characterising  the  localisation  of  the  phosphorus  directly,  and  have 
resulted  in  the  discovery  of  the  alcoholic  cupric  chloride  etching  reagent. 
In  studying  the  effects  of  varying  the  composition  of  this  reagent  the  authors 
have  discovered  that  the  presence  of  too  little  water  results  in  difficulty  in 
discerning  the  banded  structure,  since  the  etching  time  becomes  unduly 
prolonged  and  no  copper  is  deposited.  On  the  other  hand,  the  presence  of 
too  much  water  causes  a  too  rapid  deposition  of  copper,  with  the  result  that 
the  surface  of  the  specimen  is  coated  uniformly,  particularly  in  the  case 
of  low-phosphor  steels.  The  most  satisfactory  composition  of  the  reagent  is 
as  follows  :— Methyl  alcohol  100  cm.',  water  18  cm.^  cone,  hydrochloric  acid 
2  cm.',  cryst.  copper  chloride  1  gm.  and  cryst.  magnesium  chloride  4  gm. 
This  reagent  gives  much  more  sharply  defined  outlines  than  Stead's  reagent 
does,  depositing  a  layer  of  copper  on  the  regions  poor  in  phosphorus^ 
Quenching  does  not  alter  the  position  of  the  bands,  the  only  efiFect  being  to 
render  their  internal  structures  more  homogeneous.  The  formation  of  the 
bands  is  not  due  exclusively  to  phosphorus ;  it  may  also  be  brought  about  by 
the  presence  of  Si,  Mn,  Ni,  Cr,  or  any  clement  which  is  soluble  in  iron  and 
only  diffuses  slowly  after  solidification.  The  scale  of  the  structui:e  in  steels 
is  determined  by  the  amount  of  work  to  which  the  steels  have  been  sub* 
jected,  and  it  is  quite  likely  that  the  difference  in  quality  of  two  steels 
of  similar  composition  is  determined  by  the  sizes  and  compositions  of  the 
neighbouring  zones.  F.  C.  A.  H.  L. 

120.  Experiments  on  ilte  Corrosion  of  Molybdenum  Steels,  L.  Aitchison^ 
(Chem.  Soc,  Trans.  107.  pp.  1581-1588,  Nov.,  1915.)— Gives  results  of  corro- 
sion experiments  on  five  molybdenum  steels  containing  approximately  2'6,. 
6*0, 10*0, 15*0,  and  20*0  %  molybdenum.  Prepared  specimens  were  left  in  a 
8  %  sodium  chloride  solution,  1  %  sulphuric  acid,  and  in  tap- water  each  for 
77  days  and  in  10  %  sulphuric  acid  for  48  hours.  The  results  obtained  show 
that  the  addition  of  a  small  percentage  of  Mo  produces  an  increase  in  the 
corrosion  in  brine  and  both  concentrations  of  sulphuric  acid  but  not  in  tap- 
water.  In  the  latter  case  the  first  additions  cause  a  slight  fall,  followed  by 
regular  increases  in  corrosion.  In  the  case  of  the  brine  and  sulphuric  acid 
tests  considerable  decreases  in  the  corrosion  take  place  after  15  %  Mo  is 
present.  A  close  connection  between  corrosion  and  microstructure  is  shown 
to  exist.  C.  O.  B. 

121.  Temperature  of  Reaction  between  Acheson  Graphite  and  Magnesia,, 
O.  L.  Kowalke  and  D.  S.  Grenfell.  (Am.  Electrochem.  Soc,  Trans.  27. 
pp.  221-281 ;  Disc,  281-289,  1915.)— Three  distinct  methods  of  procedure 
have  been  adopted  with  a  view  to  determining  the  temperature  at  which 
carbon  in  the  form  of  Acheson  graphite  reacts  violently  with  magnesia.. 
Firstly,  weighed  mixtures  were  heated  at  various  temperatures  and  the  loss  in 
weight  determined.   This  method  gave  indefinite  results  owing  to  the  impossi- 
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bility  of  maintaining  the  furnace  at  a  constant  temperature.  The  values  of  the 
ratio,  MgO :  C,  indicate,  however,  that  the  reaction  proceeds  according  to 
the  equation,  MgO  +  K  ^->  Mg  +  CO.  Owing  to  the  endothennic  character 
of  this  reaction  proceeding  from  left  to  eight,  the  attainment  of  the  reaction 
temperature  by  the  mixed  substances  will  be  accompanied  by  absorption  of 
heat  from  the  surroundings  and  consequently  by  fall  of  temperature.  The 
pyrometric  results  indicate  that  the  reaction  commences  slowly  at  about 
1950° — this  temperature  being  dependent  to  some  extent  on  the  rate  of  heating 
—and  becomes  very  violent  at  temperatures  above  ^000°.  The  latter  tem- 
perature is  sufficiently  definite  to  serve  as  a  fixed  point  for  the  calibration  of 
optical  pyrometers.  Care  must,  however,  be  exercised  to  provide  adequate 
vents  to  the  reaction  chamber  in  order  to  avoid  an  internal  pressure,  this 
producing  fume  in  the  pyrometer  black-body  tube ;  the  power  in  the  furnace 
should  be  kept  constant. 

Experiments  were  also  made  with  a  vacuum  furnace  of  the  Arsem  type 
provided  with  a  mercury  manometer  for  determining  the  pressure  inside  the 
furnace.  The  fact  that  no  great  rise  of  pressure  occurs  at  the  reaction 
temperature  provides  additional  evidence  of  the  reversibility  of  the  reaction. 

T.  H.  P. 

122.  Vapour  Pressure  of  Thallium  Amalgams*  J.  H.  Hildebrand  and 
E.  D.  Eastman.  (Am.  Chem.  Soc.,  J.  87.  pp.  2452-2469,  Nov.,  1915.)— An 
extension  to  Tl-amalgams  of  the  previous  work  [Abs.  1998  (1914)] . 

123.  Manganese-Nickel  Alloys.  A.  D.  Dourdine.  (Rev.  de  la  Soc. 
Russe  de  Metal,  1.  pp.  11-28  and  841-^96, 1912.  Rev.  de  Met.  12e.  pp.  125-182, 
April-May,  1915.)— The  methods  of  thermal  analysis  have  been  applied  to  two 
series  of  alloys,  one  prepared  from  pure  nickel  and  the  other  from  commercial 
nickel  containing  0*47  %  Fe  and  1*86  %  Co ;  pure  Mn  being  the  alloying 
clement  in  each  case.  The  results  indicate  that  these  two  metals  form  a  con- 
tinuous series  of  solid  solutions  with  a  minimum  lying  between  56  and  68  % 
Mn  and  at  a  temperature  just  over  1000°  C.  The  presence  of  the  Fe  and  Co 
in  the  commercial  nickel  does  not  appear  to  have  an  appreciable  effect  on  the 
solidification  point  of  that  element,  but  in  the  alloys  it  appears  to  raise  the 
temperature  of  the  minimum.  Between  88  and  71  %  Mn,  slight  thermal 
disturbances  occur  in  the  solid  state.    These  are  discussed  at  some  length. 

F.  C.  A.  H.  L. 

124.  The  Anomaly  of  the  Coefficient  of  Viscosity  of  Anisotropic  Liquids. 
It.  Schachenmeier.  (Ann.  d.  Physik,  46.  4.  pp.  569-576,  Feb.  26, 1915.)— 
When  the  temperature-viscosity  curve  of  an  anisotropic  liquid  is  plotted,  the 
curve  shows  a  characteristic  peak,  the  viscosity  coefficient  increasing  rapidly 
on  either  side  of  the  transition-point  as  the  latter  is  approached.  The  author 
develops  the  mathematical  theory  of  this  phenomenon  on  the  basis  of  O. 
Lehmann's  assumption  that  the  isotropic  modification  and  the  anisotropic 
modification  each  consist  of  a  particular  molecular  state,  and  that  in  the 
neighbourhood  of  the  transition-point  both  kinds  of  molecules  are  present. 
The  formula  is  obtained  A,C  :  AiC  =  (T,^,  —  T,/ii) :  (Ti^i— Ti/n),  where  Z  is 
the  viscosity,  and  u  the  "  degree  of  dissociation  at  the  particular  temperature." 

A.  F. 

126.  The  Theory  of  Gas  Reactions.    H.  L6wy.    (Ann.  d.  Physik,  46.  4. 

pp.  561-668,  Feb.  26, 1915.)— The  author  shows  that  the  Liebig  explanation 

of  catalysis  (transfer  of  molecular  oscillation)  can  be  upheld,  qualitatively,  in 

the  case  of  gas  reactions.  A.  F. 
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126.  Calculation  of  the  Molecular  Heat  of  Metallic  Sulphides  and  of  the 
Electrochemical  Potential  of  Sulphur.  L.  Rolla.  (N.  Cimento,  9.  pp.  197-208, 
March-April,  1915.) — In  view  of  the  complexity  of  the  sulphur  molecule,  the 
Nernst-Lindemann  formula  is  insufficient  for  the  exact  calculation  of  the 
-specific  heat  of  this  element  at  constant  volume.    But  the  formula — 

T^  =  2-8xlOV(T//wW«), 

in  which  v  is  the  atomic  vibration  frequency  at  the  melting-point,  T/  the 
absolute  melting-point,  m  the  atomic  weight,  and  V  the  atomic  volume,  gives 
.i3vs=480,  and  introduction  of  this  value  into  the  Nernst-Lindemann  ex- 
pression gives  approximately  the  atomic  heats  of  rhombic  sulphur  at  constant 
volume  over  a  moderately  wide  interval  of  temperature. 

In  the  case  of  the  oxides  studied  by  Russell  [Abs.  507  (1912)],  the  formula 
v'jv  ss.  JVjIT/^  in  which  v'  represents  the  atomic  vibration  frequency  of  the 
element  in  combination,  and  T/  the  absolute  melting-point  of  the  compound, 
answers  sufficiently  well.  But  to  three  of  the  sulphides  it  cannot  be  extended,, 
since  cupric  sulphide  yields  sulphur  and  cuprous  sulphide  when  heated  at  the  . 
ordinary  pressure,  whilst  cadmium  and  mercuric  sulphides  sublime  without 
melting.  The  author  has  determined  the  specific  heats  of  silver  and  lead 
sulphides  at  various  temperatures  with  a  view  to  ascertaining  with  what 
degree  of  approximation  it  is  possible  to  measure  the  affinity  between  sulphur 
and  lead  or  silver  as  a  function  of  the  atomic  weights,  densities,  and  melting- 
points,  and  of  the  thermal  changes  of  the  reactions  Pb  (or  2Ag)  H-  S  «  PbS 
.<or  AgtS).  The  experimental  numbers  are  found  to  be  in  good  agreement 
^ith  the  molecular  heats  calculated  by  means  of  the  expression — 

2"/(/3r), 
v^^n 

"where  n  is  the  number  of  atoms  in  the  molecule  [compare  Debye,  Abs.  446 
(1918)].  For  U  — A,  where  U  is  the  thermal  charge  and  A  the  affinity,  the 
value  1610*66  cals.  per  gm.-equivalent  at  18°  is  found  for  Pb  -f  S  =  PbS  and 
521-26  cals.  for  Agi  -}-  S  =  Ag^.  The  values  of  the  affinity  thus  obtained 
indicate  that  the  value  found  by  Lucas  [Abs.  8821  (1904)]  and  by  Bruner  and 
2awadski  (Zeits.  Anorg.  Chem.  65.  p.  186, 1910)  for  the  potential  of  sulphur 
against  the  hydrogen  electrode  should  be  modified  to  +  0575.  Assuming 
the  accuracy  of  this  number,  the  solubility  product  for  fused  lead  sulphide  is- 
calculated  to  be  6*7  x  10-**,  Calculation  by  means  of  this  value,  on  the  basis 
of  Nemst's  osmotic  theory,  indicates  that  the  e.mi.  of  the  cell,  lead  |  saturated 
solution  of  lead  sulphide  in  N/10-sodium  hydrogen  sulphide  |  normal  electrode, 
should  be  1*089  volts.  Experimental  determination  of  this  magnitude  by  a 
method  substantially  that  used  by  Immerwahr  [Abs.  1148  (1901)]  gives  at  18" 
the  value  0*816  volt,  which  is  in  marked  agreement  with  the  value  obtained 
by  Immerwahr  for  amorphous  lead  sulphide  under  slightly  different  con- 
ditions, its  divergence  from  the  theoretical  value  being  explainable  by  the 
4incertainty  regarding  the  hydrolysis  of  sodium  hydrogen  sulphide,  and  by 
the  paucity  of  our  knowledge  of  the  dissociation  of  lead  salts.  T.  H.  P. 

137.  Changes  of  Mass  and  Weight  involved  in  the  Formation  of  Complex 
Atoms.  W.  D.  Harkins  and  E.  D.  ^Vilson.  (Am.  Chem.  Soc,  J.  87. 
pp.  1867-1888,  June,  1915.) — ^The  atomic  weights  of  the  first  27  elements, 
relatively  to  H  =  1,  are  on  the  average  0*77  %  less  than  integral  multiples  ; 
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actual  values  include  He  0-77,  B  0-77,  C  077,  N  070,  O 077,  F  0-77,  Na  0-77- 
This  is,  of  course,  identical  with  a  statement  that,  when  O  =  16  and  H  =  1'0078,. 
these  seven  elements  give  integral  atomic  weights,  and  that  in  the  case  of  the- 
first  27  elements  the  deviations  are  distributed  equally  above  and  below  the 
integral  values.  The  authors  assume  that  the  weights  of  the  atoms  are 
multiples  of  that  of  hydrogen,  less  a  diminution  of  0*77  %  due  to  close-packing 
of  these  units  :  they  calculate  that  the  closeness  with  which  a  positive  and 
a  negative  electron  must  approach  to  give  a  diminution  of  mass  of  0*77  %  is 
equal  to  400  times  the  radius  of  the  positive  electron. 

The  probability  that  the  sum  of  the  deviations  of  the  atomic  weights  from 
integral  values  would,  as  a  result  of  mere  chance,  be  as  small  as  it  is,  amounts 
to  1  in  15  million  when  O  ^  16,  but  when  H  ^  1  the  ratio  is  only  1 :  10. 

T.  M.  L. 

128.  Structure  of  Comply  Atoms,  The  Hydrogen-Helium  System,  "W.  D. 
Harkins  and  £.  D.  ^Vilson.  (Am.  Chem.  Soc,  ].  87.  pp.  1888-1896,  June, 
1915.) — From  hydrogen  to  cobalt  there  is  a  strong  tendency  for  the  atomic 
weights  of  the  elements  to  approximate  to  whole  numbers,  with  a  few  striking: 
exceptions,  such  as  Mg  and  CI.  No  such  tendency  appears  amongst  the 
heavier  elements,  the  average  deviations  being  as  follows  : — 

NitoRb    0-247    Sr  to  Cd 0247 

MtoCl  0199    TatoV 0260 

Mere  chance  would  give  an  average  deviation  of  0-25.  Amongst  the  lighter 
elements  it  is  possible  to  represent  the  integral  atomic  weights  as  formed  by^ 
the  union  of  atoms  of  hydrogen  ss  1,  and  of  helium  =  4.  A  table  is  given 
to  show  how  this  may  be  done :  it  is  largely  a  reproduction  of  Rydberg*s 
scheme,  which  makes  the  atomic  weights  fall  in  two  series,  viz.  4»  and  4n  —  1 ; 
but  the  exceptions  to  this  scheme  are  got  rid  of  by  using  a  perfectly  general 
formula  4»  +  m,  so  that  if  the  atomic  weight  is  4n  it  is  represented  as 
all  helium  ;  if  4/i  +  1,  as  helium  plus  one  hydrogen,  and  so  forth.      T.  M.  L^ 

129.  Experiments  on  Supersaturated  Solutions,  M.  Jones  and  J.  R. 
Partington.  (Chem.  Soc.,  Trans.  107.  pp.  1019-1025,  July,  1915.)— This  paper 
deals  with  "  supersaturated  solutions  of  the  second  type,"  i,e,  those  in  which 
deposition  of  solid  is  produced  by  rise  of  temperature.  Supersaturation  was 
produced  under  these  conditions  in  solutions  of  calcium  butyrate  and  calcium, 
acetate. 

The  normal  solubility  of  gypsum  was  found  to  be  14*92  millimols  per  litre  at 
19'6°,  15*41  at  40° ;  at  60°  the  value  is  14*50.  The  specific  conductivities  were 
0001980  at  19*60°,  0*002892  at  40*00°,  and  0008624  at  59*95° C. ;  the  specific 
conductivities  in  presence  of  finely-divided  gypsum  were  0*002068,  0*008158, 
and  0*008765,  corresponding  with  the  concentrations  15*67, 16*21,  and  15*09  ;  a 
marked  increase  of  solubility  was  thus  produced  in  each  case.  The  solubility 
for  different  sizes  of  particles  was  calculated  from  the  formula  of  Willard 
Gibbs,  and  the  increases  were  found  to  agree  very  closely  with  those  calcu- 
lated for  particles  of  radius  r  =  fi.  It  should  be  noticed  that  of  the  three 
temperatures  selected  one  lies  near  a  maximum  of  solubility  whilst  the  other 
two  lie  above  and  below  it.  T.  M.  L. 

130.  A  Relation  concerning  the  Distribution  of  an  Electrolyte  between  Water 
and  some  Second  Solvent  and  its  Dissociation  Constant  in  Aqueous  Solution.. 
H.  J.  M.  Creighton.  (Frank.  Inst.,  J.  180.  pp.  68-74,  July,  1915.)— In  this 
paper  the  author  develops  a  general  formula  for  the  calculation  of  the  con- 
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centration  of  the  undissociated  molecules  of  an  electroljrte  in  water  by  means 
■o£  data  obtained  by  the  measurement  of  the  distribution  of  the  electrolyte 
between  water  and  a  second  liquid  phase.  The  formula  takes  into  considera- 
tion the  possibility  of  association  of  the  electrolyte  in  this  second  phase.  The 
validity  of  the  formula  has  been  tested  by  means  of  measurements  of  the  dis- 
tribution of  benzoic  acid  between  water  and  benzene  at  6°,  and  from  the  data 
•obtained  the  concentration  of  the  undissociated  molecules  of  benzoic  acid  in 
the  aqueous  phase  has  been  calculated.  From  these  values  a  mean  value  oV 
7'21  X  10~  has  been  obtained  for  the  dissociation  constant  of  benzoic  acid  in 
water  at  6°.  Although  this  value  of  the  dissociation  constant  of  benzoic  acid 
is  somewhat  higher  than  that  obtained  by  the  conductivity  method,  the  use  of 
the  distribution  method  for  obtaining  an  approxiioate  value  for  the  dissoci- 
ation constant  of  an  electrolyte,  in  those  cases  where  the  value  determined  by 
the  conductivity  method  varies  considerably  with  concentration,  is  suggested. 
lErrata,    Ibid.  pp.  741-742,  Dec,  1916.]  A.  F. 

18 1.  Osmotic  Pressure  and  Concentration  in  Solutions  of  Electrolytes,  and 
ike  Calculation  of  the  Decree  of  lonisation,  S.  J.  Bates.  (Am.  Chem.  Soc,  J.  87. 
pp.  1421-1445,  June,  1915.)— The  deviations  of  strong  electrolytes  from  Ost- 
wald's  ''  dilution  law "  are  explained  on  the  assumption  that  electrol3rtes  and 
their  ions  do  not  obey  van't  Hoff's  laws  of  osmotic  pressure.  Assuming  this 
to  be  the  origin  of  the  deviations,  the  author  calculates  that  the  osmotic 
pressure  of  the  univalent  ions  is  in  general  a  few  per  cent,  less  than  that 
calculated  from  van't  Hoff's  law;  that  of  the  undissociated  molecules  of 
strong  uni-univalent  electrolytes  is  considerably  greater,  the  deviation 
amounting  to  15  %  even  at  00001  N  ;  the  bivalent  ions  deviate  much  more 
than  the  univalent  ions,  but  the  undissociated  molecules  ol  bi-bivalent  salts 
obey  the  law  rather  closely ;  hydration  increases  the  osmotic  pressure  of  both 
molecular  species  in  the  solution,  but  influences  that  of  the  undissociated 
molecules  to  a  greater  extent  than  it  does  that  of  the  ions.  T.  M.  L. 

132.  Viscosity  of  Colloidal  Solutions.  £.  H.  Biichner.  (K.  Akad. 
Amsterdam,  Proc.  18.  pp.  170-178,  Sept.  8, 1915.)— According  to  Einstein, 
the  viscosity  of  a  liquid  containing  a  great  number  of  floating  particles,  is 
-connected  with  the  relative  total  volume  of  the  particles.  If  the  viscosity  of 
the  pure  liquid  is  represented  by  z,  that  of  the  suspension  by  z^,  its  volume 
by  V  and  the  volume  of  the  suspended  particles  by  v',  then  z' — 2  =  2-5  v'/v. 
This  formula  has  been  applied  to  gamboge  suspensions  by  Bancolin,  who 
obtained  fairly  satisfactory  results ;  the  factor,  however,  had  to  be  taken  2*9 
instead  of  2*5  Admitting  the  formula  to  be  correct,  it  is  possible,  conversely, 
to  calculate  the  volume  of  the  floating  particles  from  measurements  of  the 
viscosity.  If,  then,  the  number  of  the  particles  be  determined  {e,g,  ultra- 
microscopically),  the  volume  of  a  single  particle  may  b^  deduced. 
The  results  of  preliminary  work  with  molybdenum  blue  and  iron  hydroxide 
are  given.  E.  H,  B. 

133.  Variation  of  Grouping  of  Emulsion  Particles  and  Reversibility  of 
Diffusion  Phenomena.  M.  v.  Smolucho^wski.  (Phys.  Zeits.  16.  pp.  821- 
<827,  Sept.  15,  1915.)— A  mathematical  investigation  of  which  the  following 
are  the  chief  points  : — (1)  A  formula  is  derived  which  exhibits,  in  accord  with 
Svedberg's  measurements,  the  fluctuations  of  the  concentrations  of  a  colloidal 
solution.  (2)  The  conception  of  the  mean  time  of  return  is  defined,  and  thus 
a  criterion  is  obtained  for  the  limits  of  validity  of  the  thermodynamic 
irreversibUity.    [See  Abs.  2088  (1914).]  E.  H.  B. 
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134.  Heats  of  Dilution  of  Concentrated  Solutions.  W.  S.  Tucker.  (Roy^ 
Soc.,  Phil.  Trans.  216.  pp.  819-861,  1915.)— The  author  has  determined  the- 
heats  of  dilation  of  a  number  of  solutions.  The  results  obtained,  together 
with  values  obtained  by  Thomsen,  for  heats  of  dilution  are  as  follows : — 

Hydrochloric  acid  (N  <  10),  dQIdN  =  (4082/N)— 272-1 ; 
Nitric  acid  (Thomsen)  (N  <  6),  dQIdN  =  (2020/N)  ; 
Sulphuric  acid  (Thomsen)  (N  <  16).  dQldK=  (4666/N)  — 196 ; 
Hydrobromic  acid  (Thomsen)  (N  <  10),  dQIdN  =8856/N  ; 
Acetic  acid  (Thomsen)  (N  <  10),  dQjdN  =  —  (68-49/N)  +  40-84  ; 
Sodium  hydroxide  (N  <  6),  dQIdN  =  —  (7840/N)  —  980 ; 
Lithium  chloride  (N  <  6),  dQIdN  =  (6968/N)  —  871 ; 
Ammonium  nitrate  (N  <  10),  dQIdN  =  —  (1172/N)  +  48-77. 

The  following  general  conclusions  are  drawn ; — (1)  In  spite  of  the- 
varying  thermal  effects  obtained  on  diluting  different  solutions,  these 
effects  may  be  expressed  in  a  simple  manner  for  the  range  over  which 
the  solutions  may  be  considered  concentrated.  (2)  When  the  solutions 
become  more  dilute,  they,  at  the  same  time,  become  more  complex. 
(8)  Those  thermal  changes  occur  in  strong  aqueous  solutions  which  suggest 
that  the  solute  is  dissolved,  not  in  water,  but  in  some  definite  hydrate  of  the 
solute,  in  general  containing  a  large  number  of  molecules  of  water.  In 
special  cases,  however,  such  as  that  of  acetic  acid,  the  water  molecules  may 
be  few  in  number,  while  with  nitric  and  hydrobromic  acids  the  solvent 
becomes  pure  water.  (4)  Calcium  chloride  does  not  show  the  effect  in  so 
marked  a  degree,  probably  because  it  is  impossible  to  work  with  solutions  of 
the  same  relative  strength.  A.  F. 

136.  Accurate  Method  for  the  Measurement  of  the  Conductivity  of  Electro^ 
lytes.  W.  A.  Taylor  and  H.  L.  Curtis.  (Phys.  Rev.  6.  pp.  61-64,  July, 
1916.  Abstract  of  paper  read  before  the  Am.  Phys.  Soc.,  April,  1915.)— The 
authors  have  studied  the  influence  of  various  factors  on  the  determination  of 
the  conductivity  of  solutions  by  means  of  an  alternating  current  It  was 
found  that  there  is  no  measurable  change  of  resistance  with  change  of  voltage,, 
provided  the  cells,  solutions,  and  bottles  used  to  hold  the  solutions  are  kept 
scrupulously  clean.  The  slightest  trace  of  grease  or  dirt,  however,  causes 
a  change  in  resistance  with  change  of  voltage.  This  seems  to  be  a  good  test 
for  perfect  conditions  for  measurements.  It  was  also  found  that,  with  bright 
Pt  electrodes,  there  is  a  change  in  resistance  with  change  in  frequency,  and 
that  this  difference  depends  on  the  size  of  the  electrodes,  the  largest  elec- 
trodes giving  the  smallest  change  in  resistance.  There  is  also  a  change 
in  resistance  with  change  of  frequency.  In  the  case  of  platinised  electrodes 
with  1-in.  electrodes,  no  difference  could  be  detected  in  the  resistance 
measurements  at  600  and  1000  cycles.  With  ^in.  platinised  electrodes, 
however,  a  small  change  in  resistance  with  change  in  frequency  was 
observed  in  concentrated  solutions,  but  this  disappeared  entirely  with 
N/20  NaCl.  A.  F. 

136.  Heats  of  Equilibrium  and  the  Law  of  Saturated  Solutions,    A.  Colson.. 

(Comptes  Rendus,  161.  pp.  686-689,  Nov.  16, 1916.)— In  accordance  with  the 

well-known  thermodynamic  equation,  the  change  of  solubility  of  a  compound 

with  the  temperature  is  closely  connected  with  the  limiting  heat  of  solution.. 

Tl^ese  heats  of  solution  have  been  determined  in  several  cases  by  the  autlior^. 

In  the  case  of  common  salt,  the  author  finds  the  heat  of  equilibrium  changes^ 
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sign  at  about  (P,  and  there  should  therefore  be  a  corresponding  change  in  the 
solubility.  As  a  matter  of  fact,  however,  the  solubility  increases  regularly 
from  —15°  to  +  108°,  and  the  author  therefore  concludes  that  we  have  here  a 
contradiction  between  the  classical  formula  and  the  facts.  A.  F. 

137.  Passivity  in  Connection  with  Ferrous  Alloys  of  different  Composition  and 
Structure,  H.  W.  Moseley.  (Am.  Chem.  Soc,  J.  87.  pp.  2826-2833,  Oct., 
1915.) — In  the  study  of  passivity  of  iron  there  has  been  little  or  no  attempt  to 
correlate  the  property  with  physical  structure.  The  author  has  therefore 
imposed  passivifying  conditions  on  iron  alloys  of  widely  varying  composition 
and  structure  in  order  to  fill  this  gap  in  our  knowledge.  It  was  found  that 
iron  alloys  of  very  different  composition  can  be  rendered  passive  by  making 
the  alloy  act  as  anode  in  an  electric  circuit  The  current  density  required  to 
produce  passivity  varies  with  the  electrolyte  but  is  not  related  in  any  simple 
way  with  the  composition  or  structure  of  the  alloy.  It  appears  that  the 
change  from  the  active  to  the  passive  state  is  not  an  instantaneous  one,  but 
that  there  is  a  gradual  adjustment  towards  a  new  condition  of  equilibrium, 
since  in  the  majority  of  the  experiments  less  iron  goes  into  solution  as  the 
ciwrent  density  necessary  for  passivifying  is  approached.  When  the  circuit 
was  broken  the  anode  lost  its  passivity.  In  general,  metals  with  a  low 
solution  tension,  passivify  at  a  lower  current-density  than  those  with  high 
solution  tension.  F.  C.  A.  H.  L^ 

138.  Electro-deposition  of  Smooth  Solid  Lead  from  Lead  Nitrate  Solutions.. 
F.  C.  Mathers  and  A.  McKinney.  (Am.  Electrochem.  Soc,  Trans.  27. 
pp.  181-138  ;  Disc.,  188-140,  1915.) — ^The  authors  have  succeeded  in  obtaining 
smooth,  coherent  lead  deposits  from  lead  nitrate  solutions,  the  deposits  being  as 
good  as  those  obtained  from  any  other  lead  bath.  The  best  composition  of  the 
bath  is  as  follows :  Ten  per  cent,  lead  nitrate,  2-6-5  %  acetic  acid  and  1  %  of 
the  residue  from  the  commercial  extraction  of  Curagao  aloes  in  the  manufac- 
ture  of  aloin.  Crude  aloes  may  be  used  in  the  place  of  the  aloes  residue,  but 
the  deposits  are  not  so  good.  The  aloes  or  the  residue  should  be  dissolved 
by  warming  in  the  acetic  acid  before  adding  >the  lead  nitrate  solution.  The 
bath  should  not  be  filtered  before  using.  A  current  density  of  04  amp./dm.*' 
(8-7  amps,  per  sq.  ft)  may  be  used.  Free  acetic  acid  is  necessary  in  the  bath 
to  avoid  the  formation  of  basic  salts.  Free  nitric  acid  greatly  hastens  the 
deterioration  of  the  bath.  The  baths  have  a  life  of  only  6  or  7  weeks,  after 
which  the  deposits  become  spongy,  so  that  the  practicsil  utility  of  the  bath 
is  doubtful.  Full  details  are  given  :  (1)  of  the  efEects  of  current  density  and 
voUage ;  (2)  of  the  current  efficiency,  and  (8)  of  the  properties  of  the  kathodes. 
A  large  number  of  addition  agents  were  tried  in  place  of  the  aloes,  but  none 
of  them  approached  the  latter  in  efficiency.    [See  Abs.  1816  (1909).]     T.  S.  P. 

139.  Formation  of  Magnesium  Sub-oxide  in  the  Electrolytic  Preparation  of 
Magnesium,  F.  C.  Frary  and  H.  C.  Berman.  (Am.  Electrochem.  Soc., 
Trans.  27.  pp.  209-217 ;  Disc.,  217-219, 1915.)— Whenever  magnesium  oxide  is 
present  in  the  fusion  of  magnesium  potassium  chloride  used  in  the  electrolytic 
preparation  of  Mg,  a  dark-coloured  substance  is  produced,  together  with  metal- 
lic Mg,  which  rapidly  liberates  hydrogen  from  water.  It  is  not  Mg  in  the 
form  of  a  "  metal  fog,"  as  it  does  not  react  upon  a  solution  of  anhydrous  nickel 
chloride  in  absolute  alcohol,  whereas  metallic  Mg  does,  with  the  liberation  of 
NL  Attempts  to  isolate  the  pure  material  from  the  powdered  electrolyte 
after  electrolysis,  by  the  method  of  flotation,  were  not  successfuLsince  when 
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iincly  ground  it  is  rapidly  oxidised  in  the  air.  From  a  consideration  of  their 
results,  the  authors  conclude  that  the  dark  substance  is  a  magnesium  sub-oxide. 
It  is  not  formed  by  the  mere  action  of  Mg  on  the  oxide  in  the  presence  of  the 
molten  double  salt  at  a  bright  red-heat ;  apparently  it  is  only  obtained  by  the 
electrolytic  reduction  of  magnesium  oxide  present  in  the  molten  electrolyte. 
When  an  electrolyte  free  from  magnesium  oxide  is  used,  and  the  formation 
of  the  oxide  is  prevented  by  the  passage  of  a  current  of  dry  hydrogen  chloride 
through  it  during  electrolysis,  no  magnesium  sub-oxide  is  produced.  [See 
Abs.  1663  (1910).]  T.  S.  P. 

140.  ElectrO'deposiiion  of  Nickel  C.  W.  Bennett,  C.  C.  Rose  and  L.  G. 
Tinkler.  (J.  Phys.  Chem.  19.  pp.  564-568,  Oct.,  1915.)— Experiments  have 
been  carried  out  on  the  electro-deposition  of  nickel  from  acid  and  alkaline 
solutions,  using  both  stationary  and  rotating  electrodes.  It  is  shown  that 
with  nickel  ammonium  sulphate  solutions  the  efficiency  of  deposition  on  a 
rotating  kathode,  as  well  as  on  a  stationary  one,  may  be  changed  by  changing 
the  concentration  of  the  hydrions.  If  the  solution  is  maintained  just 
sufficiently  alkaline,  a  high  efficiency  of  deposition  is  attained,  and  this 
^efficiency  is  maintained  for  long  periods  when  the  kathode  is  rotated.  When 
the  concentration  of  the  hydrions  is  practically  zero,  as  in  the  case  of  a 
strongly  alkaline  solution,  nickel  is  deposited  more  easily  than  the  other  ions, 
but  with  low  efficiency.  The  low  efficiency  is  occasioned  by  the  impoverish- 
ment of  the  solutions  in  Ni  ions.  Rotation  of  the  kathode  prevents  this 
impoverishment,  and  therefore  tends  to  increase  the  efficiency,  whereas  in  the 
cases  of  solutions  where  hydrions  are  present,  the  rotation  of  the  kathode 
tends  to  prevent  impoverishment  of  hydrions  and  consequently  decreases  the 
efficiency  of  nickel  deposition.  With  a  solution  of  5  %  nickel  cyanide  and 
7  %  potassium  cyanide,  using  a  current  density  of  5  amps./dm.*  a  max. 
efficiency  of  0*057  %  was  obtained  with  stationary  electrodes,  but  on  rotating 
the  kathode  the  efficiency  increased,  the  value  of  0*18  %  being  obtained  with 
•500  revs,  per  min.,  and  1*65  %  at  1000  revs,  per  min.    [See  Abs.  2127  (1907).] 

T.  S.  P. 

141.  Passivification  of  Iron  by  Nitric  Acid,  S.  W.  Young  and  E.  M. 
Hogg.  (J.  Phys.  Chem.  19.  pp.  617-649,  Nov.,  1916.)— Passivity  of  iron  is 
-defined  as  that  state  of  the  metal  in  which  it  is  not  attacked  immediately  by 
dilute  nitric  acid.  Velocity  measurements  have  been  made  of  the  reaction 
between  iron  and  nitric  action  of  different  densities  at  0°,  10°,  and  20^.  At  0° 
the  velocity  shows  a  marked  fall  when  the  density  of  the  acid  rises  to  1*260 
and  the  same  concentration  of  acid  marks  the  initiation  of  progressive 
passivification.  This  point,  which  is  termed  the  "passive  break,"  varies 
somewhat  with  the  temperature.  A  degree  of  passivity,  far  greater  than  any 
produced  by  the  strongest  nitric  acid,  is  brought  about  by  exposure  of  iron  to 
dry  nitrogen  peroxide  gas,  and  the  passive  state  seems  to  be  the  result  of  an 
equilibrium  between  the  metal  and  nitrogen  peroxide.  Iron  is  indeed  capable 
of  absorbing  nitrogen  peroxide  from  any  solution  in  which  the  gas  is  being 
produced,  the  rate  of  reaction  being  thereby  diminished.  The  "passive 
break  "  is  regarded  as  that  concentration  of  nitric  acid  at  which  the  reaction 
with  iron  begins  to  develop  relatively  large  proportions  of  nitrogen  peroxide. 

T.  H.  P. 

142.  Etching  Reagents  and  their  Applications,  O.  F.  Hudson.  (Inst,  of 
Metals,  J.  18.  pp.  193-212 ;  Disc,  218-221, 1915.  Mech.  Eng.  86.  pp.  269-271, 
April  2,  and  pp.  280-286,  April  9, 1915.) 
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143.  Harmonic  Analysis  and  Synthesis  of  Periodic  Curves.  E.  Liibcke. 
<Phys.  Zeits.  16.  pp.  45S-456,  Dec.  15,  1916.)— An  apparatus  is  described, 
mathematical  theory  being  also  given,  which  enables  7  sine-  and  9  cosine- 
members  of  a  Fourier's  series  to  be  determined,  with  a  possible  error  of 
about  0*8  %.  The  method  adopted  in  using  the  instrument  makes  use  of 
16  equidistant  ordinates  of  the  given  periodic  function,  the  length  of  a  period 
of  which  may  have  any  value.  The  instrument  can  also  be  used  for  obtaining 
the  values  of  the  16  equidistant  ordinates  when  the  7  sine-  and  9  cosine- 
terms  of  the  function  are  given.  A  W. 

144.  Apparatus  for  Evaluating  Elliptic  Integrals,  A.  F.  Ravenshear. 
(Phys.  Soc.,  Proa  28.  pp.  81-87;  Disc.,  87,  Dec,  1916.)— In  the  apparatus 
here  described,  graphs  of  the  three  elliptic  integrals  can  be  described  by 
niechanical  dieans,  and  the  value  of  the  integral  between  any  assigned  limits 
found  by  measurement  of  the  ordinates  of  the  graph.  The  principle  of  the 
apparatus  is  to  use  a.  hatchet  scriber,  which  is  controlled  as  regards  direc- 
tion, but  is  otherwise  free  to  move  anywhere  over  the  surface  of  the  paper. 
The  hatchet  cuts  slightly  into  the  paper,  and  as  it  moves  makes  a  trace, 
which  is  the  required  graph.  Taking  the  third  integral  as  an  example 
II  (a,  c,  e)  =  /1/[(1  +  a  sin*  e)(l  —  c»  sin*  9)^]  d9.  The  apparatus  comprises 
(1)  the  scribing  appliance  ;  C2)  a  mechanism  which  evaluates  y/{l  — c'sin'O), 
where  9  is  the  value  of  the  abscissa  of  the  middle  point  of  the  hatchet ;  (8)  a 
mechanism  which  evaluates  (1  -h  ^  sin'  9) ;  (4)  a  multiplying  linkage  which 
determines  a  length  equal  to  the  product  (1  +  a  sin*  9)y/(l  —  d  sin*  9) ;  and 
(5)  a  director  which  is  variably  inclined  to  the  axis  of  X  so  that  the  tangent 
of  its  inclination  is  negative  and  equal  to  the  above-mentioned  product.  By 
a  parallel  linkage,  a  line  in  the  hatchet  plate  at  right  angles  to  the  hatchet  is 
kept  parallel  to  the  director,  so  that  the  hatchet  has  an  inclination  f  to  the 
axis  of  X  such  that  tan  f  =  1/[(1  +  a  sin*  9)s/{l  —  c*  sin*  e)].  Since  the  hatchet 
is  always  tangent  to  the  graph  which  it  describes,  dy/dx  =  tan  f,  whence 
y  =  /tan  ^ .  d9.  By  suitable  adjustments  the  apparatus  deals  in  a  similar  way 
with  the  first  and  second  integrals.  A.  W* 
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146.  Graphical  Solution  of  the  Equation  A  =  B.C.  F.  E.  Wright. 
(Washington  Acad.  Sci.,  J.  6.  pp'.  1-6,  Jan.  4, 1916.) — ^The  procedure  adopted 
practically  amounts  to  the  representation  of  each  of  the  functions  A,  B  and 
C  by  a  scale  so  chosen  that  the  resulting  curves  are  straight  lines.  The 
construction  of  the  apparatus  is  based  on  the  fact  that  an  equation  of  the 
type  A  =s  B.C  can  always  be  expressed  in  such  a  form  that  each  factor  has  a 
value  less  than  unity.  The  graphical  solution  can  then  be  accomplished  by 
a  method  based  on  the  properties  of  similar  triangles.  The  apparatus 
employed  consists  simply  of  a  drawing-board  covered  with  squared  paper,  at 
one  corner  of  which  a  straight-edge  fits  in  a  fixed  socket  so  that  it  is  capable 
of  rotation  about  this  corner  as  axis.  Examples  are  given  of  the  use  of  the 
apparatus  for  solving  equations  of  the  type  sin  As=sin  B .  sin  C,  log^=.r  log  a, 
etc.  A.  W. 

146.  Skating  on  Thin  I^e.  G.  Greenhill.  (Phil.  Mag.  81.  pp.  1-2Q,  Jan., 
1916.)— The  title  is  derived  from  the  action  of  a  skater,  when  he  is  able  to  go 
so  fast  over  ice  as  to  ride  on  the  top  of  a  wave,  and  to  change  his  place  so 
rapidly  as  not  to  allow  time  to  break  through,  although  the  ice  is  not  thick 
enough  to  support  his  dead  weight  at  rest.  The  mathematical  theory  here 
given  is  an  extension  of  Kelvin's  investigation  in  the  Phil.  Mag.  of  Nov.,  1871 
(also  "  Math,  and  Phys.  Papers,"  vol.  iv.),  of  the  propagation  of  waves  and 
ripples  in  water,  and  the  tremble  of  a  dewdrop;  resumed  in  H.  Lamb's 
"  Hydrodynamics,"  and  by  J.  R.  Wilton  [Abs.  646  (1916)] .  E.  H.  B. 

147.  A  Generalised  Form  of  Hookas  Law,  £.  R.  Hedrick.  (Eng.  News, 
74.  pp.  642-648,  Sept.  16, 1916.)— It  has  long  been  known  that  many  materials 
fail  to  satisfy  Hooke's  law  exactly,  even  within  the  range  usually  described  as 
below  the  elastic  limit.  The  author  has  apparently  discovered  that,  generally 
speaking,  the  measured  values  of  forces  and  extensions  give  a  very  much 
better  straight  line  on  logarithmic  paper  than  on  squared  paper.  This  means 
that  the  force  p  and  the  extension  e  are  better  expressed  by  a  relation  of  the 
form  p  =:  k^t  where  n  may  be  given  values  other  than  unity. 

The  author  has  been  working  over  the  data  contained  in  the  Reports 
of  the  Watertown  Arsenal,  in  which  the  numerical  results  of  the  actual  tests  of 
a  large  number  of  substances  are  given.  For  steel  he  finds  that  the  value 
of  n  is  quite  close  to  unity,  but  in  most  instances  definitely  different,  and  in  a 
few  cases  as  low  as  0'69.  The  majority  of  steel  specimens  gave  n  over  0'86, 
but  many  gave  values  less  than  0^.  An  excellent  specimen  of  yellow  pine 
under  compression  gave  n  =  0*96.  A  specimen  of  cast  steel  gave  n  =  0'74. 
Cast-iron  specimens  gave  nssO'69.  Sandstone  gave  ns0*80.  A  piece  of 
manilla  rope  gave  a  good  line  for  n  =  1*94.  W.  J.  C. 

148.  Agreement  of  the  Various  Frames  of  Reference  in  different  Theories 
of  Relativity.  (I.  and  II.)  £«  Kretschmann.  (Ann.  d.  Phjrsik,  4a  7. 
pp.  907-942,  and  948-982,  Dec.  21,  1916.)— An  elaborate  discussion,  descrip- 
tive and  mathematical,  of  the  above  aspect  of  the  subject,  unsuitable  for 
detailed  abstraction.  £.  H.  B. 

149.  Variation  of  Surface  Tension  with  Temperature.  A.  Ferguson. 
(Phil.  Mag.  81.  pp.  87-47,  Jan.,  1916.)— The  formulae,  T  =To(l  —  ae)...(i)  and 
T  =  To(l  —  ad  ±  ,3(^...(ii),  which  express  the  effect  of  temperature  on  surface 
tension,  will  not  bear  extrapolation  over  even  a  moderate  range  of  tempera* 
ture.  If,  in  particular,  they  are  used  to  estimate  the  critical  temperature  by 
calculating  the  value  of  9  for  which  the  surface  tension  (T)  vanishes,  highly 
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discordant  values  of  Oc  result.  The  author  has  shown  (Science  Progress,^ 
p.  445,  Jan.,  1915)  that  the  surface  tension  of  benzene  between  0°  and  the 
critical  temperature  is  represented  with  considerable  accunicy  by  the 
equation,  T==To(l--60)'*...(iii),  so  that  the  critical  temperature  is  at  once 
given  by  the  expression,  0^  =  l/6...(iv).  Equation  (iii)  is  both  more  suitable 
for  calculating  the  critical  temperature  and  more  in  accord  with  the  experi- 
mental data  than  van  der  Waals'  expression,  Tm  =  A.O]'^pf^(l  —  w)",  where  « 
is  the  "  reduced  "  temperature  and  A  and  B  are  constants  for  all  substances 
following  Eotvos'  law  [Zeitsch.  Phys.  Chem.  18.  p.  716,  1894].  Equation 
fiii)  gives  rfT/t/O  =  —  6«To(l  —  60)""*  and  hence  Trf0/dT  =  —  (1  — 60)/6«, 
the  relation  between  TdQIdT  and  9  being  linear.  For  a  series  of  14  un- 
associated  liquids,  including  ether,  benzene,  chlorobenzene,  carbon  tetra-, 
chloride,  and  esters  of  fatty  acids,  the  graphs  connecting  TdBjdT  and  9  are 
very  accurately  linear.  The  values  of  b  and  n  read  off  directly  from  these 
graphs  show  that  1/6  gives  the  critical  temperature  with  a  very  high  degree 
of  accuracy  and  that  n  varies  only  from  1'187  to  1*248,  the  mean  being 
1*210.  This  mean  value  may  be  used  in  calculations  referring  to  any  other 
non-associated  liquid,  since  a  small  variation  in  n,  at  moderate  temperatures, 
has  little  effect  on  the  computed  values  of  T  or  6.  In  all  the  cases  con- 
sidered above  the  surface  tension  measured  is  that  of  the  liquid  in  contact 
with  its  own  vapour,  but  the  data  available  for  benzene,  methyl  formate,  and 
chlorobenzene  indicate  that  formula  (iii)  is  valid  also  for  liquids  in  contact 
with  air.  T.  H.  P. 

150.  Experimental  Confirmation  of  Relativity.  H.  K.  de  Haas.  (K.  Akad. 
Amsterdam,  Proc.  18.  No.  4-5,  pp.  591-595, 1916.) — Discusses  the  interpreta- 
tion of  an  experiment  with  a  torsion  balance  at  the  extremities  of  which  two 
balls  of  equal  weight  were  hung,  one  being  of  Pt  and  the  other  of  paraffin,  of 
densities  21*5  and  0*87  gm.  cm.-"  respectively.  It  is  concluded  that  the  ether 
wind  through  the  two  balls,  so  different  in  constitution,  did  not  cause  any 
deviation  of  the  intermolecular  forces  (from  the  direction  required  by  Newton) 
so  large  as  1  micron  at  100  light-centuries.  This  is  claimed  as  an  experi- 
mental confirmation  of  the  principle  of  relativity.  £.  H.  B. 

151.  Viscosity  of  Liquefied  Gases.  I.  Rotational  Oscillations  of  a  Sphere  in 
a  Viscous  Liquid,  J.  £.  Verschaffelt.  (K.  Akad.  Amsterdam,  Proc.  18. 
Nos.  4-5.  pp.  840-869,  1916.  Comm.  No.  1486  from  the  Phys.  Lab., 
Leiden.) — ^With  a  view  to  the  investigation  of  the  viscosity  of  liquefied 
gases,  especially  hydrogen,  at  low  temperatures  by  the  method  of  damped 
rotational  oscillations  of  a  sphere  suspended  in  the  liquid,  the  author  gives 
the  theory  of  the  method.  The  mathematical  treatment  of  the  problem 
employed  is  less  involved  than  that  followed  by  previous  investigators,  and 
leads  to  formulae  much  better  adapted  to  numerical  calculations.  The 
liquid  is  assumed  to  be  either  externally  unlimited  or  else  limited  by  a 
stationary  spherical  surface  concentric  with  the  oscillating  sphere.  Detailed 
abstraction  of  the  results  is  impracticable.  T.  H.  P. 

152.  Viscosity  of  Liquefied  Gases.  II.  Similarity  of  the  Oscillations  of 
Spheres  in  Viscous  Liquids.  J.  £.  Verschaffelt.  (K.  Akad.  Amsterdam, 
Proc.  18.  Nos.  4-^.  pp.  860-867,  1916.  Comm.  No.  148c  from  the  Physi 
Lab.,  Leiden.) — In  general,  when  two  different  spheres  are  undergoing 
rotational  oscillation  in  two  different  liquids,  it  is  not  possible  to  choose  such 
units  of  length,  mass  and  time  that  the  two  systems  become  quantitatively 
identical.    Wheui  however,  a  definite  state  of  motion  Is  given,  it  is  possible 
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to  produce  a  similar  motion  in  a  different  liquid,  the  conditions  to  which  this 
similarity  is  subjected  being  investigated  in  the  present  paper.  [See  pre- 
ceding Abs.]  T.  H.  P. 

163.  Coefficients  of  Viscosity  of  Mixtures  of  Helium  and  Hydrogen,  A. 
Gille.  (Ann.  d.  Physik,  48.  6.  pp.  799-887,  Dec.  7,  1916.  Dissertation, 
Halle.) — Using  the  transpiration  method,  the  author  has  made  improved 
measurements  of  the  viscosity  coefficients  for  dry  air,  helium,  and  hydro- 
gen. Similar  measurements  have  been  made  for  various  mixtures  of  helium 
and  hydrogen  at  0®,  16°,  and  100°.  With  these  mixtures  the  variation  of 
the  coefficients  of  viscosity  with  the  temperature  is  accurately  expressed 
over  the  interval  0-100°  by  Sutherland's  formula,  ij^  =  no  >/(!  +  «^) 
(1  -f  aC)/(l  -hC/e),  where  C  is  the  cohesion  constant,  ^  the  temperature  in 
degrees  Centigrade  and  e  the  absolute  temperature.  This  formula  is,  in 
general,  undoubtedly  applicable  at  high  temperatures,  but  for  lower  tem- 
peratures its  limit  of  applicability  for  medium  mixtures  lies  near  0°  C.  In 
so  far  as  its  direction  is  concerned,  the  variation  of  the  viscosity  coefficients 
with  the  percentage  composition  of  the  mixtures  follows  the  formula  of 
Puluj,  ij  =  iiitfi-l-^fWf/wi)''*/[fi  +  (W«lf.>/Wwi)«'».^f]*»,  where  i|,  m,  and  i|, 
denote  the  coefficients  of  viscosity  of  the  mixture  and  of  the  pure  com- 
ponents, the  latter  having  the  partial  pressures  Pi  and  Pt  and  the  molecular 
weights  nti  and  nit*  This  formula  gives  only  approximate  results,  which 
exhibit,  however,  a  certain  regularity  ;  the  characteristic  bending  of  the 
curves  is  always  increased  by  the  formula.  The  results  are  in  agreement 
with  Thiesen's  formula  [see  Abs.  616  (1908)]—- 

in  which  ft  and  ft  indicate  the  percentage  by  volume  of  the  components ; 
consequently,  if  the  constants  ait/an  and  anlott  are  determined  from  the 
known  viscosity  coefficients  of  certain  mixtures,  the  value  of  ^  for  any  other 
mixture  may  be  calculated  with  considerable  accuracy.  T.  H.  P. 

164.  Magneton  Theory  of  the  Structure  of  the  Atom.  A.  L.  Parson. 
(Smithsonian  Misc.  Collections,  66. 11.  pp.  1-80,  Nov.  20, 1916.)— The  assump- 
tions made  by  the  author  in  the  development  of  this  theory  are  briefly 
as  follows  :  (1)  The  atom  is  made  up  of  a  positive  part  and  of  magnetons, 
which  are  ring-shaped  negative  charges  (hitherto  called  electrons  and 
supposed  to  be  spherical  or  concentrated  at  a  point)  rotating  with  a 
peripheral  velocity  of  the  order  of  that  of  light,  their  radii  being  com- 
parable with  but  less  than  the  radius  of  the  atom ;  their  rotation  is  inde- 
pendent of  any  attracting  positive  charge.  (2)  The  positive  part  of  the  atom 
is  a  sphere  of  uniform  positive  electrification,  with  the  properties  of  an  elastic 
solid  and  with  a  volume  normally  proportional  to  the  number  of  magnetons 
it  contains.  It  is  surrounded  by  an  atmosphere  or  envelope  of  very  low 
charge  density  which  is  also  elastic.  (8)  The  formation  of  a  group  of  eight 
(of  low  magnetic  energy),  which  is  practically  proved  for  a  system  of  eight 
magnetons,  is  assumed  to  take  place  also  in  atoms  containing  more  than 
eight.  (4)  To  explain  the  occurrence  of  long  periods  in  the  periodic  scheme 
and  also  the  properties  of  the  elements  in  these  periods,  it  is  necessary  to 
assume  in  certain  cases  a  hindrance  to  the  formation  of  a  group  of  eight 
when  it  is  normally  due.  These  assumptions  have  furnished  the  following 
factors  in  the  behaviour  of  magnetons,  atoms,  and  molecules,   (a)  The  simple 
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magnetic  attraction  between  two  magnetons,  (b)  The  tendency  to  form  the 
group  of  eight,  (c)  The  residual  magnetic  forces  exerted  by  all  combinations 
of  magnetons  :  their  attracting  and  inducing  actions,  (d)  The  electric 
polarisation  set  up  by  the  extraction  of  a  magneton  from  one  atom  by 
another  atom :  its  attracting  and  inducing  actions,  (e)  The  effect  on  the 
nature  of  a  linkage  of  the  electrostatic  retaining  power  of  an  atom  for 
magnetons.  (/)  The  pressure  and  volume  changes  possible  in  the  positive 
sphere,  especially  in  the  envelope,  of  the  atom. 

Other  questions  discussed  include  :  the  radius  and  moment  of  the 
magneton,  the  possibility  of  detecting  the  magneton  directly,  the  magnetic 
properties  of  matter,  of  elements  and  of  compounds,  the  dependence  of 
magnetism  on  temperature  and  physical  state,  and  Weiss's  magneton  and 
quantitative  relations.  Various  experiments  suggested  by  this  theory  are 
being  made.  T.  H.  P. 

165.  Structure  of  Silver  Crystals.  L.  Vegard.  (Phil.  Mag.  81.  pp.  88-87, 
Jan.,  1916.) — ^A  study  of  the  inner  structure  of  silver  crystals,  as  found  native. 
These  natural  crjrstals  belong  to  the  cubic  system,  and  five  specimens  with 
well-developed  regular  crystal  faces  have  been  employed  in  the  experiments. 
Bragg's  method  of  analysis  [see  Abs.  1880  (1918)]  has  been  used  in  the 
determination  of  reflection  angles  of  a  homogeneous  beam  of  X-rays  from  a 
rhodium  antikathode.  The  author  arrives  at  the  conclusion  that  the  atoms 
in  the  silver  crystals  are  arranged  in  the  simple  face-centred  lattice.  The 
arrangement  is  the  same  as  that  previously  found  by  W.  L.  Bragg  for  copper 
crystals  [Abs.  1908  (1914)].  A.  B.  W. 

156.  Sub-electrons:  Brownian  Movement  in  Gases,  A.  Targonski. 
(Archives  des  Sciences,  40.  pp.  840-842,  Oct.,  1915.  Paper  read  before  the 
Soc  Suisse  de  Physique.  Comptes  Rendus,  161.  pp.  778-781,  Dec.  80, 1915.) 
— Schidlof  and  Karpowicz  pointed  out  that  very  small  particles  of  mercury, 
observed  in  the  interior  of  a  condenser  undergo  constant  diminution.  The 
author  finds  that  the  diminution  of  mass  per  unit  surface'and  per  unit  time  is 
almost  constant  for  any  single  particle,  but  varies  in  different  particles.  Some 
of  the  latter  show  little  change,  but  others  lose  as  much  as  15  %  of  their  mass 
in  a  minute.  The  rate  of  loss  increases  with  the  purity  of  the  mercury  and 
for  distilled  mercury  is  twice  as  great  as  for  the  amalgamated  metal ;  further, 
particles  charged  positively  are  less  stable  than  those  carrying  negative 
charges,  this  being  explainable  to  some  extent  by  the  fact  that  the  mercury 
is  the  more  inclined  to  become  positively  charged  as  it  becomes  purer. 
Since  any  impurity  modifies  more  especially  the  surface  of  the  particles,  and 
the  capillary  properties  of  liquids  depend  on  the  sign  of  their  charge,  it 
would  appear  that  this  phenomenon  is  determined  by  the  surface  properties. 
The  mechanism  of  the  phenomenon  probably  consists,  not  in  evaporation, 
but  in  gradual  disaggregation  of  the  particles  under  the  action  of  molecular 
bombardment,  and  there  is  reason  to  believe  that  similar  behaviour  is  shown 
by  all  liquid  particles,  the  intensity  of  the  effect  varying  with  the  nature — 
probably  with  the  viscosity— of  the  liquid. 

Pulverisation  of  mercury  in  the  voltaic  arc,  according  to  Ehrenhaff s 
method,  yields  particles  with  properties  entirely  different  from  those  of 
mechanically  pulverised  spherules.  The  masses  and  densities  are  in  this 
case  quite  stable  and  the  elementary  charges  vary  from  one  particle  to 
another,  are  inferior  to  Millikan's  number  (sub-electrons),  and  depend  on  the 
radius.  Calculation  by  means  of  the  Stokes-Cunningham  formula  gives  results 
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disagreeing  with  those  made  on  the  basis  of  Brownian  movement ;  contrary 
to  what  would  theoretically  be  expected,  the  mobility  of  the  particles,  i,e.  the 
^peed  under  thje  influence  of  unit  force,  diminishes  with  the  radius.  It 
cannot,  therefore,  be  assumed  that  the  two  kinds  of  particles  belong  to  one 
and  the  same  substance,  and  it  is  concluded  that  the  particles  produced  in  the 
arc  are  not  spherules  of  mercury.  Direct  measurement  shows,  indeed,  that 
these  particles,  at  least  in  part,  are  composed  of  a  substance  with  density 
below  7'8 ;  the  elementary  charge  appears  to  be  constant  and  independent 
of  the  radii  of  the  particles. 

It  is  probable  that,  in  its  present  state,  the  theory  of  Brownian  movement 
is  applicable  only  when  the  radius  of  the  particle  is  small  in  comparison  with 
the  mean  path  of  the  surrounding  gas  molecules.  If  this  condition  is  satisfied, 
the  values  of  the  elementary  charge  calculated  on  the  basis  of  Brownian 
movement  coincide  with  those  of  observations  made  by  the  Ehrenhaft- 
Millikan  method.  This  leads  to  the  supposition  that  the  theory  of  Brownian 
movement  is  applicable  rigorously  only  to  molecular  phenomena.      T.  H.  P. 

167.  On  Certain  Linear  Differential  Equations  of  Astronomical  Interest, 
H.  F.  Baker.  (Roy.  Soc.,  Phil.  Trans.  216.  pp.  129-186,  Jan.  5, 1916.)— The 
author's  treatment  is  first  set  forth  and  is  then  applied  to  the  Matthew- Hill 
equation.  In  the  second  part  it  is  applied  to  a  particular  case  discussed  by 
Poincar6.  L.  H.  W. 

168.  Bohr's  Model  Atom  and  Maxwelts  Equations.  C.  W.  Oseen.  (Phys. 
Zeits.  16.  pp.  895-406,  Nov.  1, 1915.)— Mathematical. 

160.  On  the  Solution  of  Certain  Problems  of  Two-dimensional  Physics, 
J.  R.  Wilton.  (Phil.  Mag.  80.  pp.  761-779,  Dec,  1915.)— Shows  how  the 
solution  may  be  obtained  in  certain  problems  in  physics,  examples  being 
worked  out  in  illustration  for  some  problems  in  hydrodynamics,  gravitational 
potential,  and  figures  of  equilibrium  of  rotating  fluid.  [Errata  (p.  2  of  cover, 
January  number).]  L.  H.  W. 

160.  Rotation  of  Elastic  Bodies  and  the  Principle  of  Relativity.  P.  T. 
Daniell.    (Phil.  Mag.  80.  pp.  754-761,  Dec,  1915.)— Mathematical. 

161.  Problem  of  Three  Bodies  from  Newton  to  the  Present  Day,  R.  Mar- 
colongo.  (N.  Cimento,  9.  pp.  809-867,  May-June,  and  10.  pp.  89-180, 
July-Aug.,  1915.) 

162.  Spontaneous  Currents  in  Liquids,  Confluent  Jets,  U.  Cisotti.  (N. 
Cimento,  10.  pp.  256-816,  Sept.-Oct.,  1915.)— Mathematical  treatment. 

163.  Contraction  of  Liquid  Jets.  U.  Cisotti.  (R.  Istit.  Veneto,  Atti, 
74.  2,  1914-15.  N.  Cimento,  10.  pp.  817-828,  Sept-Oct,  1916.)— Aims  at 
extending  the  formula  of  Levi-Civita  for  the  contraction  coefficient  of  a 
liquid  jet  escaping  from  an  aperture  in  the  bottom  of  the  container. 

L.  H.  W- 

164.  Skin  Friction  of  the  Wind  on  the  Earth's  Surface,  Q.  I.  Taylor. 
(Roy.  Soc,  Proc  92.  pp.  196-199,  Jan.  1,  1916.)— The  author  has  ahready 
made  use  of  the  data  from  some  pilot  balloon  ascents  at  Salisbury  Plain 
in  developing  his  theory  of  "  Eddy  Viscosity"  [see  Abs.  586  (1915)].  From 
these  same  results  he  now  calculates  the  skin  friction  of  the  wind  blowing 
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over  the  earth's  surface  and  finds  that  it  can  be  expressed  in  the  form 
F  =  KpQJ,  where  k  is  a  constant,  p  the  density  of  the  air,  and  Q,  the  velocity 
at  the  surface.  The  value  of  k  comes  to  between  0002  and  0*008.  The 
evidence  of  different  wind  velocities  seems  to  prove  that  the  friction  F  does 
vary  approximately  as  the  square  of  the  surface  velocity.  From  some  laboratory 
experiments  on  the  skin  friction  of  air  flowing  through  pipes  it  has  been 
found  that  the  same  formula  holds,  in  this  case  with  a  value  for  k  of  0*004.  It 
s^pears  therefore  that  the  same  law  of  skin  friction  applies  to  small  flat  plates 
and  pipes  and  to  the  friction  of  the  air  on  the  ground.  Such  a  result  would 
be  anticipated  from  the  law  of  dynamical  similarity  provided  that  the  value 
of  IVIv  were  the  same  in  both  cases  (/  a  linear  dimension,  V  velocity,  v  vis- 
cosity). As  actually  the  ratio  of  this  quantity  in  the  two  cases  is  of  the  order 
of  10^  it  seems  that  the  scale  effect  on  skin  friction  over  this  immense  range 
of  values  of  A^/v  is  not  large.  ].  S.  Di. 

166.  Atmospheric  Pollution.  W.l>.  Wynne.  (Nature,  96.  pp.  442-444, 
Dec.  16,  1915.  Abstract  of  paper  read  before  the  British  Assoc.,  Man- 
chester.)—Monthly  results  of  the  chemical  examination  of  rain-water  col- 
lected at  four  sites  in  Sheffield  have  been  published.  They  do  not  accord 
with  expectation  and  certain  conclusions  have  been  reached  regarding  the 
effectiveness  of  this  method  of  measuring  atmospheric  pollution  which  are  of 
more  than  local  interest.  The  records  cover  the  period  July,  1914  to  June, 
1915,  and  the  results  for  the  four  stations  are  shown  on  two  diagrams,  one 
giving  the  monthly  measurements  of  insoluble  matter  in  the  collected  rain- 
water and  the  other  of  dissolved  matter.  It  appeared  probable  that  the  amount 
of  dissolved  matter  measured  in  any  month  would  depend  upon  the  amount 
and  duration  of  rainfall  in  that  month.  The  monthly  rainfall  at  one  of  the 
stations  (Attercliffe)  has  been  plotted  upon  the  same  diagram  as  the  amount  of 
dissolved  matter,  and  close  agreement  is  apparent  between  the  two  curves.  A 
similar  diagram  is  shown  for  Malvern,  and  the  similarity  of  the  two  curves 
is  even  more  marked.  It  is  concluded  that  the  method  of  measurement 
usually  adopted  does  not  afford  a  reliable  indication  of  the  real  degree  of 
atmospheric  pollution,  and  that  better  results  might  be  obtained  if  a  feasiUe 
method  could  be  devised  for  drawing  air  continuously  through  water  and 
measuring  the  amount  of  the  impurities  extracted  in  this  way.  J.  S.  Dl. 

166.  Shape  of  the  Earth,  A.  R.  Hinks.  (Roy.  Astron.  Soc.,  M.N.  76. 
pp.  8-18,  Nov.,  1916.)— The  paper  deals  with  a  series  of  questions  suggested 
by  a  previous  paper  by  Jeffreys  discussing  the  departure  of  the  earth's 
surface  from  the  hydrostatic  form  [Abs.  1600  (1916)].  One  of  the  chief 
points  requiring  explanation  is  what  is  meant  by  hydrostatic  form,  as  this 
may  not  be  a  regular  spheroid,  but  some  figure  depending  upon  the  isostatic 
compensation.  It  is  also  pointed  out  that  in  using  geographical  data  the 
observations  of  recent  years  in  Arctic  and  Antarctic  regions  have  not  been 
taken  into  consideration.  Further,  the  distribution  of  water  and  land  masses 
does  not  appear  to  be  suitable  for  the  least-square  method  of  analysis,  and 
this  is  again  complicated  by  the  abnormal  distribution  with  respect  to  the 
equatorial  plane  of  the  proposed  spheroid.  C.  P.  B. 

167.  Viscosity  and  the  Earth* s  Free  Precession,  J.  Larmor.  (Roy.  Astron. 
Soc,  M.N.  76.  pp.  14-15,  Nov.,  1916.)— In  a  paper  by  Jeffrejrs  it  is  calculated 
that  an  internal  viscosity  in  the  earth  sufficient  to  account,  by  the  lag  of  the 
solid  tides,  for  the  secular  acceleration  of  the  moon*s  mean  motion,  would 
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be  sufficient  to  stop  down  any  free  precession  of  the  pole  in  a  few  days  [Abs. 
418  (1916)].  It  is  here  questioned  whether  the  physical  h3rpotheses  involved 
are  of  reasonable  probability.  C.  P.  B. 

168.  Convection  in  Upper  Regions  of  Sun's  Atmosphere.  F.  Henroteau. 
(Roy.  Astron.  Soc,  M.N.  76.  pp.  18-22,  Nov.,  1916.)— From  a  study  of 
spectroheliograms  taken  with  sufficiently  high  dispersion  to  separate  the 
higher  layers  of  the  solar  atmosphere  Deslandres  has  shown  that  the  fila- 
ments often  group  themselves  on  a  curve  encircling  the  pole  at  distances 
varying  from  60°  to  70°  heliographic  latitude.  These  polar  curves  of  fiJa- 
ments  are  in  general  more  developed  in  the  hemisphere,  or  on  the  meridians, 
where  spots  and  faculae  are  relatively  feeble,  and  appear  to  be  more  pro- 
nounced in  years  of  minimum  spot  activity.  Further,  they  show  evidence 
of  being  in  general  ascending  currents,  while  the  spots  and  faculae  are  regions 
of  descent  of  the  vapours  concerned.  The  present  author  examines  the 
evidence  for  detecting  any  existent  convection  currents  which  might  be 
produced  as  the  result  of  this  difference  of  atmospheric  pressures.  Visual 
observations  of  faculae  provide  some  confirmation.  Other  verification  is  fur- 
nished by  the  motions  of  prominences  recorded  by  Slocum  from  measure- 
ment of  photographs  taken  with  the  Yerkes  spectro-heliograph.  At  mean 
latitudes  there  is  a  tendency  of  movement  towards  the  poles ;  in  high  lati- 
tudes the  movement  is  generally  towards  the  equator.  Reproductions  of 
drawings  of  spots  and  faculae,  made  at  Stonyhurst  are  included  to  illustrate 
the  phenomena  described.  C.  P.  B. 

169.  Magnetic  Disturbances  and  Solar  Rotation,  £.  W.  Maunder.  (Roy. 
Astron.  Soc.,  M.N.  76.  pp.  68-68,  Nov.,  1916.)— In  continuation  of  tables 
given  in  former  papers  in  1904, 1906,  a  catalogue  is  presented  showing  the 
magnetic  disturbances  of  20'  and  over  in  declination,  as  recorded  in  the 
Greenwich  Observations  for  the  period  1904-1918.  The  disturbances  are 
divided  into  four  classes :  Great,  Very  Active,  Active,  Moderate,  corresponding 
to  amplitudes  of  60',  40',  80'  or  20'  respectively.  An  examination  of  the  list 
shows  there  is  a  strong  tendency  for  disturbances  to  occur  when  the  same 
meridian  has  returned  to  the  centre  of  the  sun's  disc,  i.e,  after  the  interval  of 
a  synodic  rotation  of  the  sun.  These  features  are  in  agreement  with  the  former 
discussions  of  the  results  for  the  periods  1882-1908  and  1848-1881. 

C.  P.  B. 

170.  Dynamics  of  a  Stellar  System,  A.  S.  Eddington.  (Roy.  Astron. 
Soc,  M.N.  76.  pp.  87-60,  Nov.,  1916.) — In  a  former  paper  the  author  discussed 
the  theory  of  a  spherical  stellar  system,  in  a  steady  state  of  motion  [Abs.  680 
(1914) ;  827  (1916)] .  The  present  paper  deals  with  the  dynamics  of  a  system 
in  which  the  restriction  of  spherical  symmetry  is  removed,  being  applied  to 
oblate  and  other  systems.  Starting  with  the  consideration  of  all  possible 
degrees  of  complexity,  it  is  shown  that  Schwarzschild's  ellipsoidal  law  of 
velocities  can  be  satisfied  by  only  one  type,  that  in  which  the  axes  of  the 
velocity-ellipsoids  are  oriented  along  the  normals  to  a  system  of  confocal 
quadrics.  The  direction  of  preferential  motion  is  more  or  less  radial,  and  the 
average  motion  in  this  direction  does  not  diminish  as  we  pass  to  the  outer 
parts  of  the  system.  The  cross  motions  decrease  as  we  pass  outwards,  so  that 
the  velocity-ellipsoids  become  more  elongated.  Consideration  is  given  to 
systems  moving  solely  under  their  own  attraction,  and  those  moving  under 
forces  other  than  their  own  attraction.  C.  P.  B. 
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171.  Slellar  Classification.  J.  N.  Lockyer.  (Nature,  96.  pp.  454-466, 
Dec.  28, 1916.)— In  continuation  of  previous  articles  [Abs.  829, 1618  (1916)] 
curves  are  presented  showing  the  numbers  of  stars  in  each  group  of  distinctive 
spectral  type,  determined  from  different  catalogues  of  spectra.  The  curve 
for  the  brighter  stars  is  in  general  very  similar  to  that  for  the  fainter  stars, 
and  the  agreement  affords  some  confirmation  of  the  idea  that  the  general  life- 
history  of  a  star  consists  of  a  rise,  followed  by  a  fall,  of  temperature. 

C.  P.  B. 

172.  Radial-velocity  Determinations  with  Objective  Prism.  M.  Hamy. 
(Comptes  Rendus,  161.  pp.  661-668,  Nov.  29,  1915.) — In  a  former  paper  the 
author  has  given  details  for  determining  radial  velocities  from  objective-prism 
photographs  provided  with  terrestrial  spectrum  comparison  [Abs.  627  (1914)] . 
Formulae  are  now  given  showing  the  application  of  the  necessary  computations 
for  the  general  case  where  more  than  one  prism  may  be  employed.    C.  P.  B. 

173.  Motions  of  Helium  Stars.  S.  Oppenheim.  (Astron.  Nachr.  No.4822. 
Nature,  96.  p.  490,  Dec.  80, 1916.  Abstract.)— The  radial  velocities  observed 
at  the  Lick  Observatory,  and  the  proper  motions  given  in  the  Boss  Catalogue 
for  helium  stars  of  type  B  are  treated  harmonically,  and  the  results  are 
imderstood  to  establish  the  reality  of  the  view  that  the  stars,  including  the 
sun,  move  in  circular  orbits  round  some  centre.  The  corresponding  apex  of 
sun's  way  is  given  as  RA  =  266°  ;  decl.  =  +  84°  87'.  C.  P.  B. 

174.  New  Variable  Star  in  Orion.  J.  Voiitc.  (Astron.  Nachr.  No.  4821. 
Nature,  96.  pp.  466-467»  Dec.  28,  1916.  Abstract.)— Observations  on  1915 
Sept  12,  28,  28,  and  Oct.  4  showed  variability  in  the  star  (1900  RA  =  4h.  68m. 
46s. ;  decl.  =  —  4**  20*8'),  in  Orion.  The  extremes  of  brightness  were  6*4  and 
8*6  magnitude.  C.  P.  B. 

176.  New  Algol  Variable  in  Corona.  C.  Hoffmeister.  (Astron.  Nachr. 
No.  4821.  Nature,  96.  p.  467,  Dec.  23,  1916.  Abstract.)— The  variability  of 
the  star  B.D  +  BOP  2688  was  discovered  during  Aug.,  1914.  Its  normal  magni- 
tude is  given  as  9*28,  minimum  9*76,  period  17h.  29m.  4-18s.  C.  P.  B. 

176.  Variability  of  UV  PerseL  E.  Hartwig,  A.  A.  Nijland.  (Astron. 
Nachr.  Nos.  4816  and  4818.  Nature,  96.  p.  466,  Dec.  23, 1916.  Abstract.)— A 
sudden  maximum  of  this  variable  was  recorded  by  Hartwig  on  Sept.  2,  the 
star  reaching  11  mag.  although  less  than  18-14  mag.  on  Aug.  28.  On  Sept  4 
it  was  again  invisible. 

Nijland  (in  No.  4818)  reports  that  the  star  could  not  be  found  on  Aug.  81 » 
wliile  on  Sept.  8  it  was  as  bright  as  the  comparison  star,  but  had  vanished  on 
Sept.  4.    The  previous  maximum  occurred  on  1914  June  19,  484  days  earlier. 

C.  P.  B. 
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177«  Improved  Cadmium  Photometer  for  Ultra-violet  Light,  J.  Elster  and 
H.  Geitel.  (Phys.  Zeits.  16.  pp.  405-408,  Nov.  1, 1916.)— In  a  previous  paper 
[Abs.  842  (1914)]  a  description  was  given  of  a  lamp  with  cadmium  or  zinc 
kathode  adapted  for  photometric  measurements  in  the  ultra-violet  The 
present  paper  describes  various  improvements  in  the  apparatus,  and  com- 
parison tests  against  a  mercury  lamp.  Photographs  of  the  instrument  are 
reproduced.  A.  W, 

178.  Transformation  of  Colour-mixture  Equations  from  one  System  to  A  nother. 
H.  E.  Ives.  (Frank.  Inst,  J.  180.  pp.  678-701,  Dec.,  1916.)— The  problems 
dealt  with  in  this  paper  are  (i)  How  can  measurements  on  one  trichromatic 
system  be  transformed  to  another  trichromatic  system?  (ii)  How  can 
measurements  on  any  trichromatic  system  be  transferred  to  the  mono- 
chromatic system,  and  vice  versa  ?  The  material  for  such  transformations  is 
found  in  the  work  of  Abney  and  of  Koenig,  dealing  with  the  methods  of 
obtaining  the  fundamental  colour  sensations.  The  approach  to  the  problem 
is  here  made  through  what  appears  to  be  the  clearest  method  of  representing 
the  facts  of  colour  mixture,  namely,  by  a  space  diagram,  the  colour  pyramid. 
For  simplicity,  a  few  special  cases  only  are  taken  ;  but  these  are  sufficient  to 
meet  the  practical  problems  of  colour  measurement.  The  paper  is  illustrated 
by  numerous  diagrams  and  should  be  consulted  by  those  interested.      A.  W. 

170.  Heterochromatic  Photometry  by  Crova*s  Method,  H.  E.  Ives  and 
E.  F.  Kingsbury.  (Am.  Ilium.  Engin.  Soc.,  Trans.  10.  pp.  716-728; 
Disc,  724-726,  Nov.,  1916.)— Crova's  method  of  coloured  light  photometry 
consists  in  the  observation  of  the  photometer  field  by  monochromatic  light 
of  such  a  wave-length  that  equality  of  iutensity'in  that  wave-length  indicates 
equality  of  total  intensity  [see  Abs.  764  (1911)].  It  is,  of  course,  necessary  to 
strike  a  mean  between  true  monochromatism  and  sufficiently  high  transmis- 
sion, while  for  the  purpose  for  which  this  investigation  was  undertaken, 
namely,  the  photometry  of  incandescent  gas  mantles,  it  is  necessary  that  the 
transmitting  solution  shall  have  as  nearly  as  possible  the  same  transmission 
for  all  ordinary  gas  mantles,  irrespective  of  what  it  may  be  for  other 
illuminants.  Such  a  solution  was  found  by  means  of  the  physical  photometer 
[see  Abs.  62  (1916)]  and  upon  calibration  both  by  this  instrument  and  by 
ordinary  visual  (flicker)  methods  the  agreement  between  the  two  was  found 
to  be  excellent  and  to  show  that  the  solution  actually  fulfilled  the  require- 
ment stated  above.  A  similar  solution  has  been  found  for  use  with  electric 
glow-lamps.  In  the  discussion,  the  Authors  stated  that  the  solution  was,  so 
far  as  they  could  ascertain,  permanent  in  its  transmission  although  indica- 
tions were  obtained  that  exposure  to  strong  light  caused  a  temporary  change. 
This,  however,  has  no  effect  in  practice  as  the  solution  is  placed  before  the 
photometer  eyepiece  where  the  illumination  is  low.  J.  W.  T.  W. 

180.  Threshold  of  Vision  for  different  Coloured  Lights,    W.  de  W.  Abney 
and  W.  Watson.    (Roy.  Soc,  Phil.  Trans.  216.  pp.  91-128,  Dec.  6, 1916.)— 
Describes  an  investigation  of  the  sensitivity  of  different  regions  of  the  retina 
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to  light  of  various  wave-lengths  by  the  determination  of  the  relative  inten- 
sities at  extinction  of  the  various  colours  when  received  both  on  the  fovea 
and  at  different  distances  from  its  centre  up  to  10  degrees.  Fixation  was 
obtained  by  means  of  a  deep  red  light  having  little  or  no  stimulus  value  for 
the  rods.  Measurements  were  made  by  8  observers,  5  with  normal  colour 
vision,  2  dichromates,  and  1  with  a  displaced  green  sensation  curve.  Obser- 
vations were  made  throughout  the  spectrum  both  with  central  fixation  and 
also  witb  the  fixation  spot  1*25,  2*5,  6,  and  10  degrees  above  the  centre  of  the 
disc  on  which  the  stimulus  light  was  received.  The  results  obtained  are 
tabulated  and  exhibited  graphically,  and  show  that  the  observers  may  be 
grouped  into  two  classes,  in  the  first  of  which  (the  more  common  of  the  two) 
the  fovea  is  practically  free  from  rods,  and  the  light,  just  before  it  is  extin- 
guished at  the  fovea  gives  the  sensation  of  colour,  while  in  the  second  class, 
who  have  a  more  or  less  plentiful  supply  of  rods  at  the  fovea,  so  long  as  the 
stimulus  is  red,  the  colour  is  distinguishable  right  down  to  extinction,  but 
throughout  the  rest  of  the  spectrum  the  light  loses  colour  a  considerable  time 
before  it  is  extinguished.  The  influence  of  the  size  of  the  stimulus  surface  on 
the  threshold  value  at  the  different  parts  of  the  retina  is  also  considered.  An 
arrangement  is  described  for  determining  to  which  of  the  two  classes  above 
mentioned  any  given  observer  belongs.  A  visibility  curve  obtained  by  a 
normal  observer  (rodless  fovea)  is  found  to  agree  well  with  those  of  Ives 
[see  Abs.  288b  (1918)]  and  Nutting  [Abs.  161  (1915)],  except  that  it  lies 
considerably  lower  in  the  blue  and  violet.  This  is  explained  by  the  fact  that 
the  authors  used  pure  cone  vision,  whereas  previous  observers  were  probably 
using  a  far  larger  photometric  field  and  so  were  dealing  with  mixed  rod  and 
cone  sensation.  A  series  of  experiments  was  also  made  to  determine  the 
relative  sensitivites  of  the  foveal  and  parafoveal  regions  of  an  observer  of 
each  class.  In  the  case  of  an  observer  with  rodless  fovea,  the  ratio  of  the 
foveal  to  parafoveal  intensities  for  equal  brightness  is  about  1*2  at  long  wave- 
lengths,  and  rises  to  as  much  as  27  at  short  wave-lengths,  whereas  this  ratio 
remains  between  1  and  2  throughout  the  spectrum  for  an  observer  having 
rods  at  the  fovea.  J.  W.  T.  W. 

181.  Electron  Optics  of  the  Hydrogen  Molecule.  A.  Heydweiller. 
(Deutsch.  Phys.  Gesell.,  Verh.  17.  17-20.  pp.  869-862,  Oct.  80,  1915.)— It  is 
now  shown  [see  Abs.,  1249  (1915)]  that  the  ionic  refraction  of  the  hydrogen 
kathion  is  approximately  equal  to  its  difference  from  the  equivalent  refraction 
of  either  the  divalent  magnesium  kathion  or  the  trivalent  aluminium  kathion. 
This  difference  amounts  to  about  0*15  c.cm.,  ue.  the  half  of  the  volume  pre- 
viously termed  the  fundamental  "  stere  "  for  the  kathion  ;  it  is  therefore  more 
accurate  to  take  this  halved  volume  as  the  fundamental  stere.  The  stere- 
number  of  the  hydrogen  kathion,  i.e,  the  ratio  of  its  refraction  to  the  funda- 
mental stere,  is  thus  equal  to  1,  while  that  of  the  divalent  Mg  kathion  or  the 
trivalent  Al  kathion,  and  also  its  refraction,  is  zero.  The  divalent  Mg  and 
the  trivalent  Al  kathions  consequently  contain  no  electrons  or,  at  any  rate, 
none  capable  of  being  brought  into  a  state  of  vibration  by  visible  or  ultra- 
violet light  at  the  ordinary  temperature.  The  hydrogen  kathion  possesses 
at  least  one  electron  and  the  hydrogen  atom  at  least  two  electrons ;  this  con- 
clusion was  also  arrived  at  by  Stark  in  an  entirely  different  way  [see  Abs.  1667 
(1915)].  T.  H.  P. 

188.  Black  Body  as  Light  Source  between  2000°  and  10,000°  Abs,    A.  R. 
Meyer.    (Deutsch.  Phys.  GeseU.,  Verh.  17. 21.  pp.  884-404,  Nov.  15, 1915.}- 
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By  means  of  the  Wien-Planck  formula  and  the  Stefan-Boltzmann  law,  com- 
bined with  the  sensitivity  curve  of  the  eye,  it  is  possible  to  deduce  the  law 
according  to  which,  for  a  black  body,  the  proportion  of  visible  to  total 
radiation  varies  with  the  temperature.  The  luminous  efficiencies  deduced 
for  the  ordinary  radiators  (allowing  for  conduction  and  other  losses)  are  as 
follows  : — 


Radiator. 

Efficlenqr. 

WatU  per  Mean  Hefner 

Candle. 

Proportion  of  Visible  RadiaHon, 
Percent. 

Carbon  filament  lamp   

Tantalum  filament  lamp  ... 
Tungsten  filament  lamp   ... 
Gas-nlled  lamp   

3-6 
1-6 
11 
0-65 

1-9 

8-8 

50 

11-2 

J.  W.  T.  W. 

183.  Sensiiomeiry  of  Process  Plates.  C.  £.  K.  Mees.  (Eastman  Kodak 
Co.'s  Research  Lab.,  Sci.  Pabl.  pp.  9-10, 1918-1914.)— The  system  of  sensito- 
metry  which  has  been  developed  for  the  investigation  and  classification  of 
photographic  products,  and  especially  for  the  determination  of  the  sensitive- 
ness and  gradiation  of  photographic  plates,  depends  upon  the  relation  which 
exists  between  the  exposure  undergone  by  the  plates  and  the  density  of  the 
silver  deposited  by  development.  As  plates  are  ordinarily  used  to  render  a 
long  scale  of  light  intensities  by  a  similar  scale  of  deposits  of  silver,  the  sensi- 
tiveness, as  usually  determined,  depends  upon  the  rendering  of  the  middle 
portion  of  this  scale,  and  if  the  sensitiveness  is  to  be  read  from  the  density 
corresponding  to  a  given  exposure,  the  development  must  also  be  fixed  as  that 
required  to  produce  a  correct  gradation.  But  there  are  only  two  tones  in  a 
good  process  negative,  namely  :  clear  glass  and  absolutely  opaque  deposit.  In 
half-tone  negatives  the  gradation  is  rendered  by  various  sizes  of  dot  and  not  by 
various  densities ;  the  negative  again  contains  only  two  tones,  clear  glass  and 
opaque  deposits.  This  being  so,  a  plate  which  will  give  the  necessary  opacity 
to  the  high  lights  of  a  line  negative  or  the  dots  of  a  half-tone  negative  with 
less  exposure  than  another  plate,  is  effectively  faster  without  regard  to  any 
question  of  gradation.  For  line  photography  such  an  exposure  must  be  given 
as  will  just  not  produce  a  deposit  on  the  lines,  and  this  will  be  half  the  inertia 
of  the  plate.  Now,  if  the  drawing  be  considered  to  have  5  %  reflecting 
power  in  the  lines  of  the  light  reflected  from  the  high  lights,  then  if  the 
exposure  to  the  lines  be  half  the  inertia,  the  high  lights  will  receive  10  times 
the  inertia,  and  the  density  will  therefore  be  numerically  equal  to  the  max. 
contrast  (Gamma  infinity)  which  the  plate  will  give.  If  the  max.  contrast  in 
the  subject  is  low,  the  exposure  is  governed  by  the  max.  exposure  which  can 
be  given  if  the  dark  areas  of  the  copy  are  to  be  rendered  as  clear  glass  in  the 
negative,  and  since  that  max.  exposure  is  proportional  to  the  inertia,  the  rated 
"  H.  and  D."  sensitiveness  holds.  If,  however,  the  max.  contrast  is  high,  the 
exposure  is  governed  by  the  minimum  exposure  necessary  to  get  sufficient 
density  in  the  opaque  areas  which  is  settled  by  the  max.  contrast  obtainable, 
and  this  "  H.  and  D."  sensitiveness  no  longer  holds.  A.  E.  G. 

184.  Saiista  and  other  Platinotype  Papers.  W.  H.  Smith.  (Phot.  J.  66. 
pp.  282-286,  Dec,  1916.)— Japine  silver  print-out  paper  is  manipulated  in 
almost  the  same  way  as  any  other  printing-out  paper.    An  exception  is  that 
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in  this  case  there  is  no  gelatine  or  anything  that  can  rub  o£f  the  paper  or  that 
can  be  affected  by  hot  water,  and  the  paper  will  stand  almost  any  amount  of 
rubbing  without  fear  of  abrasion.  The  prints  lie  flat  in  the  water,  and  can  be 
dried  between  blotters  or  in  front  of  the  fire.  The  solutions  can  be  used  cold 
or  warm.  So  far  as  depth  of  printing  is  concerned,  it  is  not  necessary  to  print 
quite  so  deeply  as  with  ordinary  printing-out  paper.  One  little  difference 
between  this  paper  and  some  others  of  its  kind  is  that  it  is  sent  out  dry,  and 
should  be  allowed  to  get  a  little  damp  by  exposure  to  the  atmosphere  before 
printing.  If  quite  dry,  the  printed  image  comes  out  a  bluish  colour,  whereas 
it  should  be  more  of  a  reddish  tone,  and  this  is  got  by  allowing  the  print  to 
absorb  a  little  moisture.  An  hour  or  two  is  usually  quite  sufficient,  but  some 
professionals  leave  the  paper  all  night.  If  printed  too  dry  the  paper  tones  too 
flat.  The  paper  tones  very  freely,  and  evenly,  from  a  red  brown  to  a  warm 
black,  according  to  time  of  immersion  and  composition  of  toning  bath.  For 
platinum  toning  the  prints  after  exposure  should  be  washed  to  get  rid  of  all 
free  silver.  The  prints  may  also  be  toned  and  fixed  in  a  combined  bath 
of  hypo  and  gold. 

The  Satista  process  is  due  to  Willis,  the  inventor  of  platinotype.  He 
found  that  paper  coated  with  silver  chloride  and  ferric  oxalate  would 
give  only  a  feeble  image  when  exposed  to  light  under  a  negative  and 
developed  in  oxalate  of  potash,  but  that  by  addition  of  a  small  quantity 
of  a  salt  of  platinum  to  the  ferric  oxalate,  the  paper  would  give  very  fine 
black  prints  closely  resembling  platinotype.  A  print  on  Satista  paper  has  very 
much  the  appearance  of  platinum.  Actually  the  high  lights  are  formed  of 
platinum,  so  that  a  picture  with  very  delicate  tones  will  be  composed  almost 
entirely  of  platinum  with  very  little  silver.  In  a  Satista  print  the  essential 
parts  of  the  picture  are  in  platinum,  and  in  the  shadows  the  silver  is  in  the 
best  form  for  permanence.  The  development  of  the  image  is  done  with 
oxalate  of  potash,  the  same  as  for  platinotype.  The  clearing  bath  for  Satista 
is  an  almost  saturated  solution  of  binoxalate  of  potash,  about  1^  oz.  being  dis- 
solved in  80  oz.  of  water.  The  prints  are  cleared  in  this  solution  and  then 
washed  for  a  few  minutes.    After  clearing  they  have  to  be  fixed  in  hypo. 

Some  advantages  of  platinotype  paper  are  also  dealt  with,  and  experiments 
showing  how  results  may  be  varied  are  described.  A.  £.  G. 

186.  Calculation  of  Exposure.  C.  £.  K.  Mees.  (Eastman  Kodak  Co.'s 
Research  Lab.,  Sci.  Publ.  pp.  11-14,  1918-1914.  Abstract.)— A  film  which  is 
correctly  exposed  is  one  which  is  exposed  so  that  the  deepest  shadows  in  the 
subject  will  be  rendered  by  a  just  visible  trace  of  deposit.  If  the  brightness 
of  a  typical  sunlit  landscape  is  measured  with  a  photometer,  it  will  be  found 
that  the  sky  will  have  a  brightness  of  about  8000  candle-ft.,  the  deepest 
shadows  in  dark  tree^trunks  in  the  foreground  having  an  intrinsic  brightness 
of  about  100  candle-ft.  It  can  be  shown  by  calculation  that  making  allow- 
ance for  reflection  and  absorption  and  disregarding,  as  has  been  done  in  all 
these  calculations,  the  ultra-violet  light  which  is  strongly  absorbed  by  glass, 
the  brightness  of  the  image  with  a  stop  of  //8  is  very  nearly  1/100  of  the 
brightness  of  the  object,  so  that  the  range  of  intensities  in  the  camera  image 
of  a  t3rpical  sunlit  landscape  is  from  1  to  80  candle-ft.  using  //8,  and  if  we 
give  an  exposure  of  1/100  sec.  we  shall  get  a  range  of  exposures  of  from  1/100 
to  8/10  candle-ft.  seconds.  This  exposure  will  apply  only  to  a  very  rapid 
film  or  plate,  one  of  the  type  termed  "  ultra  rapid,"  and  assigned  a  speed  of 
about  600,  so  that  if  we  take  the  speed  of  the  plate  or  film  into  account  we 
can  see  that  for  a  film  of  speed  600  at  //8  we  shall  require  an  exposure  of 
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1/100  sec.  if  the  light  reflected  from  the  darkest  portion  is  about  100  candle-ft. 
If  the  light  reflected  from  the  darkest  shadow  of  the  object  were  1  candle-ft., 
we  should  require  an  exposure  of  1  sec.  on  a  film  of  speed  500,  or  600  -sees,  with 
a  film  of  speed  unity,  or,  generally,  if  L  is  the  light  intensity  from  the  darkest 
part  of  tlie  subject,  P  the  speed  of  the  film  or  plate  and  E  is  the  exposure 
at//8,  then  E  =  600/LP,  E  being  expressed  in  seconds,  L  in  candle-ft.,  and  P 
in  the  usual  speed  units.  Calculating  in  this  manner  it  can  be  seen  that  the 
shortest  exposure  possible  for  figures  in  rapid  motion,  using  bright  sunlight 
and  the  most  rapid  lens  with  the  latest  film  available,  an  exposure  of  about 
1/500  sec.  is  the  shortest  time  which  can  be  given  to  get  full  exposure.  Other 
examples  are  : — Landscape  work  with  a  panchromatic  plate  and  Kt  filter,  for 
which  at  //8  and  sunlight  the  exposure  will  be  about  1/15  sec. ;  the  exposure 
for  three-colour  work,  using  a  wide-open  lens  at  //4-5,  will  be  about  1/12  sec, 
while  the  shortest  exposure  that  will  be  necessary  in  a  brightly  lighted  theatre 
will  be  about  1/10  sec.  A.  E.  G. 

186.  Aciion  of  Light  and  of  X-rays  on  the  Photographic  Plate:  J.  K.  A.  W. 
Salomonson.  (K.  Akad.  Amsterdam,  Proc.  18.  Nos.  4-5.  pp.  671--d82, 1916.) 
— In  a  series  of  experiments  on  the  quantitative  action  of  light  and  of  X-rays 
on  photographic  plates,  the  author  finds  a  characteristic  difference  between 
the  two  kinds  of  rays.  The  sensitive  layer  of  the  plate  strongly  absorbs  light, 
whereas  X-rays  are  only  slightly  absorbed.  In  the  case  of  X-rays  which  are 
not  notably  weakened  after  passing  through  the  silver-bromide  emulsion,  the 
action  on  the  deeper  layers  is  comparable  with  that  on  the  surface,  whereas 
in  the  case  of  light  the  strong  action  is  confined  to  the  surface  layers  with  a 
markedly  diminishing  effect  on  the  lower  strata. 

A  simple  theory  is  given  for  these  effects,  and  photomicrographs  are 
shown  in  illustration.  A.  B.  W. 

187.  Refraction  of  Finite  Wave-trains  at  a  Plane  Surface,  A.  Land6. 
(Ann.  d.  Physik,  48.  4.  pp.  521-545,  Nov.  9, 1915.)— A  mathematical  treatment 
of  the  subject,  based  on  Sommerfeld's  general  solution.  [See  also  Abs.  1250 
(1915).]  A.  W. 

188.  Mutual  Action  between  Two  Electric  Doublets  and  Rotation  of  Plane 
of  Polarisation  in  Crystals  and  Liquids,  C.  W.  Oseen.  (Ann.  d.  Physik, 
4B,  1.  pp.  1-56,  Sept.  28, 1915.) — Highly  analytical  discussion  from  which  it  is 
concluded  that  the  effect  of  the  mutual  action  between  resonators  in  the 
same  molecule  on  the  propagation  of  light  may  be  qualitatively  expressed 
as  a  rotation  simply  of  the  plane  of  polarisation,  i,e.  that  in  every  direction 
two  circularly  polarised  waves  may  be  propagated  with  different  velocities. 
The  rotation  in  an  active  mixture  is  not  the  simple  sum  of  the  separate 
rotations  due  to  the  active  components.  E.  H.  B. 

189.  New  Form  of  Nephelometer,  J.  W.  T.  Marshall  and  H,  W. 
Banks.  (Am.  Phil.  Soc.,  Proc.  54.  pp.  176-184,  May-July,  1915.)— A  new 
form  of  nephelometer  is  described  in  which  columns  of  suspension  of  equal 
lengths  are  used.  The  lights  reflected  are  equalised  and  compared  by  means 
of  a  movable  wedge  of  neutnd-tinted  glass.  Juxtaposition  of  the  two  emergent 
beams  is  secured  by  mirrors.  L.  H.  W. 

190.  Theories  of  the  Latent  Image  and  Reversal.  E.  P.  Wightman. 
(J.  Phys.  Ch^m.  19.  pp.  571-588,  Oct.,  1915.)— A  preliminary  introduction  to 
some  experimental  work  on  reversal,  not  yet  carried  out.  •  L,  H.  W. 
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191.  Searching  for  a  Reason  for  Eye  Fatigue.  M.  Luckiesh.  (EL  World, 
66.  pp.  676-678,  Sept.  11, 1915.) — Shows,  among  other  things,  how  the  density 
of  energy  varies  within  the  eye.  L.  H.  W. 

192.  Polariser  in  Peirographic  Microscope,  F.  E.  Wright.  (Washington 
Acad.  Sci.,  J.  6.  pp.  641-644,  Dec.  4,  1916.) — In  petrographic  microscopes 
the  polariser  is  mounted  in  one  of  two  positions,  so  that  its  plane  of  light- 
transmission  is  parallel  either  to  the  vertical  or  to  the  horizontal  cross-hair  of 
the  eyepiece.  Some  makers  prefer  one  position,  some  the  other  ;  but  appear 
to  have  no  particular  reason  for  their  choice.  An  extended  series  of  tests 
with  the  petrographic  microscope  has  shown  that  for  an  observer  using  light 
from  the  northern  sky,  the  correct  position  depends  on  the  time  of  day  at 
which  observations  are  made.  If  on  a  clear  day  the  observer  wishes  to  get 
max.  illumination,  it  is  necessary  to  set  the  plane  of  the  polariser  parallel  to 
the  vertical  cross-hair  in  the  early  morning  or  late  afternoon,  while  in  the 
middle  of  the  day  it  is  best  in  the  horizontal  position.  The  polariser  is, 
however,  commonly  fixed  in  position  ;  in  view  of  the  fact  that  at  noon  there 

-  is  always  an  abundance  of  light  from  a  clear  sky,  while  in  the  early  morning 
and  late  afternoon  the  sky  illumination  is  less  than  half  that  at  noon,  the 
position  of  the  polariser  which  favours  greater  intensity  of  illumination  at 
early  and  late  hours  is  to  be  preferred  as  the  fixed  position.  In  this  position 
the  plane  of  vibration  of  the  rays  emerging  from  the  polariser  is  parallel  to 
the  vertical  cross-hair  of  the  eyepiece.  On  cloudy  and  misty  days  the 
amount  of  sky  polarisation  decreases  rapidly  and  is  practically  negligible. 
On  such  days,  consequently,  the  position  of  the  plane  of  the  polariser  has 
Uttle  effect  on  the  intensity  of  the  field  illumination  in  the  microscope. 

A.W. 

193.  Absorption  Spectra  of  the  Vapours  of  Inorganic  Salts,  E.  J.  Evans. 
(Phil.  Mag.  81.  pp.  56-62,  Jan.,  1916.)— The  author  has  investigated  the 
absorption  of  the  vapours  of  ammonium  chloride,  mercuric  and  mercurous 
chlorides,  cadmium  chloride,  bromide  and  iodide  in  the  region  X2600- 
X6700  A.U.  With  the  exception  of  NH4CI  all  exhibit,  in  the  ultra-violet, 
general  absorption  only,  which  extends  redwards  on  raising  the  temperature 
of  the  vapour.  Ammonium  chloride  has  practically  no  absorption,  and  in  the 
case  of  the  cadmium  halides  the  absorption  increases  on  passing  from  the 
chloride  to  the  iodide.  The  vapours  were  produced  by  placing  the  solids  in 
quartz  tubes,  which  were  subsequently  evacuated  and  heated  in  an  electric 
furnace  over  a  range  extending  from  room  temperature  to  1000°  C.  The 
spectra  were  examined  visually  and  photographically,  using  a  1-m.  radius 
grating  and  a  carbon-arc  light  source.  C.  S.  G. 

194.  Conditions  for  a  Bright  Hydrogen  Spectrum,  especially  Line  4841  A,U, 
J.  Guild.  (Phys.  Soc.,  Proc.  28.  pp.  60-71 ;  Disc.,  72,  Dec,  1916.)— An 
important  paper  dealing  with  practical  methods  for  the  production  of  a 
bright  hydrogen  spectrum,  and  especially  of  G',  line  4841  A.U.,  such  as  is 
required  for  refractometry  and  similar  purposes.  The  rapid  deterioration  of 
hydrogen  tubes  is  shown  to  be  due  to  the  rise  of  pressure  caused  by  the 
evolution  of  hj^rogen  from  the  electrodes.  This  trouble  is  obviated  by 
sealing  to  the  discharge  tube  an  auxiliary  bulb,  70  to  100  times  its  capacity. 
VJiih  such  an  arrangement  the  life  of  the  tube  was  found  to  be  increased 
nearly  a  hundred-fold,  and  the  discharge  had  a  constant  character  under 
heavy  excitation  for  considerable  periods.    Large  currents  can  only  be  used, 
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without  fear  of  cracking  the  tube,  over  a  range  of  1  to  8  mm.  pressure — that 
is,  over  the  range  in  which  the  max.  intensity  is  obtained  in  a  new  tube. 
Inductance  and  capacity  can  be  utilised  beneficially  with  deteriorated  tubes, 
but  these  variants  are  ine£Eective  at  pressures  below  1  cm.  Gaseous  impurities 
are  of  little  importance  with  the  exception  of  mercury  vapour,  and  to  avoid 
this  the  author  recommends  the  use  of  an  oil  pump  without  a  gauge.  Mercury- 
contaminated  tubes  should  be  cleaned  out  by  washing  with  strong  nitric  acid. 

cao. 

195.  Radiation  from  an  Electric  Source^  and  Line  Spectra.  III.  L. 
Silberstein.  (Phil.  Mag.  80.  pp.  784-805,  Dec,  1915.)— A  continuation  of 
previous  work  [Abs.  850  and  1040  (1915)].  Theory  is  first  given  dealing  with 
the  case  of  large  permittivity,  when  the  source  shrinks  to  molecular  dimen- 
sions. Suggestions  are  then  put  forward  as  to  the  possible  process  of 
excitation  of  line  spectra,  and  it  is  shown  that  a  variation  in  the  radius  of  the 
source  of  about  one  part  in  4  x  10^  would  be  sufficient  to  account  for  max. 
emission.  Dispersion  is  next  dealt  with,  after  a  few  generalities  have  been 
given  on  the  distribution  of  spectral  lines.  An  investigation  is  given  of 
the   chief   consequences  of  assuming   the  particular   form  of   dispersion 

k^h  +  ^  W(^* — if)  which  is  called  the  typical  form  of  atomic  dispersion. 

When  there  is  only  one  convergence  point  the  formula  is  simplified  into 
k  =  i3XV(^'  —  /)» 21^^  the  corresponding  simple  series  is  found  to  approach 
Balmer's  law  asymptotically  with  increasing  values  of  f.  It  is  then  shown 
that  this  simple  series  represents  fairly  well  the  higher  members  of  the 
observed  di£Fuse  series  of  hydrogen  from  Has  down  to  Hm,  with  a  difiEerence 
not  much  exceeding  0*5  A.U.,  and  generally  much  smaller.  For  the  remain- 
ing lines,  His  to  Hi,  the  differences  between  the  observed  and  calculated 
wave-lengths  mount  up  with  increasing  rapidity.  The  principal  series  of 
Na  and  Li  can  also  be  represented  by  means  of  the  "simple  series"  formula, 
fairly  good  agreement  being  obtained  between  the  observed  and  calculated 
values  for  the  wave-lengths  as  far  as  <  s=  4.  The  coexistence  of  two  or  more 
"  simple  series"  offers  some  points  of  interest,  and  will  be  considered  in  the 
npxt  paper,  in  which  also  the  lower  members  of  the  spectral  series  will 
be  dealt  with.  A.  W. 

196.  Structure  of  the  Mercury  Triplet  X8668,  8655,  8650.  T.*Takamine. 
(Math.  Phys.  Soc,  Tokyo,  Proc.  8.  pp.  809-815,  Nov.,  1916.)— This  triplet  was 
first  studied  by  Janicki  [Abs.  1878  (1909)],  but  the  only  thorough  investigation 
hitherto  published  of  the  structure  of  the  ultra-violet  mercury  lines  is  that  of 
Wendt  [Abs.  867  (1912)].  As  Wendt  used  a  concave  grating  only,  the 
discrimination  of  ghosts  is  of  some  difficulty,  especially  for  faint  lines.  In 
the  present  work  the  lines  were  studied  by  means  of  a  85-step  echelon  and 
also  by  a  quartz  Lummer-Gehrcke  plate.  Photographs  are  reproduced,  and 
tables  and  diagrams  are  given  showing  the  results  obtained  by  Janicki, 
Wendt,  and  the  author.  The  line  which  has  shown  a  considerable  difference 
in  structure  from  the  results  previously  obtained  is  X8650.  There  are  four 
components  of  gradually  decreasing  intensity  at  nearly  equal  intervals  on 
the  negative  side  of  the  principal  line.  This  gradual  decrease  of  intensity 
among  the  satellites  of  mercury  lines  has  previously  been  noted  by  Nagaoka 
and  the  author.  In  the  present  case,  the  feature  is  evident  at  a  glance,  but 
photometric  measurements  will  be  necessary  for  obtaining  the  quantitative 
relations.  A.  W. 
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197.  Comparison  of  the  Positive  Rays  with  the  Spectrum  of  the  Positive  Column 
in  a  Mixture  of  Helium  and  Hydrogen.  H.  Smith.  (Phil.  Mag.  80.  pp.  805- 
811,  Dec,  1915.) — ^The  research  here  described  was  undertaken  to  compare 
the  spectra  of  various  mixtures  of  helium  and  hydrogen  with  the  relative, 
intensity  of  the  positive  rays  of  the  same  mixture.  As  a  large  proportion  of 
He  is  necessary  before  its  spectrum  appears,  it  would  be  possible  to  observe 
whether  the  positive  ra3rs  of  He  appeared  just  when  the  same  proportion  was 
present.  If  there  were  a  direct  connection  between  the  spectrum  of  He  and 
its  positive  rays  in  this  manner,  it  would  be  a  strong  argument  for  supposing 
that  a  gas  whose  spectrum  is  completely  masked  takes  no  part  in  the  dis- 
charge.  The  apparatus  used  was  of  the  usual  type  employed  for  producing 
positive  rays,  and  was  so  arranged  that  mixtures  of  hydrogen  and  helium  in 
various  proportions  could  be  introduced  into  the  discharge  bulb.  The 
photographs  of  the  spectrum  in  residual  air  when  the  pressure  is  sufficiently 
low  to  give  good  photographs  of  the  positive  rays,  show  the  mercury  lines 
strongly  and  the  negative  band  of  nitrogen  at  X8914.  The  positive  bands 
and  the  line  spectrum  of  nitrogen  could  not  be  observed,  nor  did  any  of  the 
spectra  of  oxygen  appear.  The  positive  rays,  besides  showing  the  lines  due 
to  the  hydrogen  atom  and  molecule,  also  show  the  line  due  to  air  very 
strongly.  Other  work  has  shown  that  the  oxygen  line  is  frequently  stronger 
than  the  nitrogen  line.  The  lines  due  to  the  molecules  of  oxygen  and 
nitrogen  also  occur.  Thus  while  we  get  the  positive  rays  of  atomic  oxygen 
and  nitrogen  in  residual  air,  as  well  as  the  lines  due  to  their  molecules,  we 
get  only  one  of  the  spectra  of  molecular  nitrogen  present  in  the  light  from 
the  positive  column.  In  this  case  no  connection  can  be  traced  between  the 
positive  rays  and  the  spectrum  of  the  gaseous  mixtiu-e.  In  the  helium  and 
hydrogen  experiments  the  proportion  of  He  was  varied  from  60  %  down  to 
2  %.  At  the  higher  value  the  spectrum  of  He  was  just  as  strong  as  that 
of  hydrogen,  but  in  a  series  ranging  from  80  %  down  to  2  %  He  not  a  trace 
of  the  He  spectrum  appeared.  In  the  positive-ray  photographs  He  was  not 
detected  at  a  smaller  proportion  than  10  %,  although  here  the  line  due  to 
it  was  as  strong  as  that  due  to  the  hydrogen  molecule.  In  a  final  experiment, 
where  the  proportion  of  He  was  too  small  to  be  estimated,  a  positive-ray 
photograph  showed  a  faint  He-line.  It  thus  appears  that  the  He  spectrum 
disappears  at  a  much  earlier  stage  than  the  helium  positive  rays,  which  are 
remarkably  persistent.  It  would  seem  that  a  gas,  whose  spectrum  in  the 
positive  column  is  more  or  less  completely  masked  by  the  spectrum  of 
the  gas  with  which  it  is  mixed,  may  still  be  taking  a  very  important  part 
in  carrying  the  current  in  the  dark  space.  It  is  doubtful,  however,  whether 
this  conclusion  can  be  carried  further  so  as  to  include  the  positive  column. 

A.  W. 

198.  Excitation  of  Phosphorescence  by  Canal  Rays.  E.  R^chardt.  -(Ann. 
d.  Physik,  48.  6.  pp.  888-876,  Dec.  7,  1915.)— From  the  results  of  further 
experiments  (,see  Abs.  429  (1918),  458  (1915)j  conclusions  are  drawn  con- 
cerning the  distribution  of  energy  in  the  electric  spectrum  of  the  canal  rays 
of  hydrogen,  the  influence  of  the  charge  of  the  canal  rays  on  the  efficiency  in 
the  excitation  of  phosphorescence,  and  the  dependency  of  the  intensity  of 
phosphorescence  on  the  energy  of  the  canal  rays.  T.  H.  P. 

199.  Preparation  of  Phosphorescent  Calcium  Sulphide.  P.  Breteau. 
(Comptes  Rendus,  161.  pp.  782-738,  Dec.  18,  1915.)— According  to  Verneuii 
(Comptes  Rendus,  104.  p.  501, 1887),  calcium  sulphide  showing  vivid  phosphor- 
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esoence  is  obtsiined  by  heating  to  bright  redness  in  a  Perrot  furnace  an 
intftnate  mixture  of  calcium  carbonate,  sulphur,  sodium  carbonate  and 
chloride,  and  bismuth  subnitrate.  The  author  finds  that  the  sodium  car- 
bonate and  chloride  are  not  indispensable,  that  heating  to  bright  redness  in  a 
Perrot  furnace  is  disadvantageous,  and  that  it  is  preferable  to  prepare  the 
calcium  sulphide  beforehand.  Phosphorescent  calcium  sulphide  may  indeed 
be  obtained  by  heating  the  salt,  impregnated  with  bismuth,  with  1  %  of  its 
weight  of  sodium  sulphide.  T.  H.  P. 

200.  Photographic  Measurement  of  the  Hardness  of  X-rays.  J.  K.  A. 
W.  Salomonson.  (Phys.  Zeits.  16.  pp.  889-S91,  Nov.  1,  1915.)— F.  Voltz, 
discussing  this  question  [see  Abs.  1767  (1915)],  came  to  the  conclusion  as 
a  result  of  his  experiments  that  the  photographic  method  of  estimating  the 
penetrating  power  of  X-rays  was  insufficient  and  unreliable.  The  author 
disagrees  with  Voltz's  conclusions  and  criticises  his  observations.  In  his 
experiments  Voltz  employed  an  electrostatic  voltmeter  to  measure  the  average 
p.d.  applied  to  the  X-ray  tube.  The  author  criticises  this  point,  and  concludes 
that  it  is  only  permissible  to  use  an  electrostatic  voltmeter  for  this  purpose  if 
the  following  conditions  are  fulfilled  :  (1)  permanent  static  charges  must  be 
avoided,  (2)  non-intermittent  uni-directional  current  must  be  used,  and  (8) 
the  variations  in  this  current  must  be  fairly  small. 

.  From  general  considerations  of  this  kind,  the  author  concludes  that  for  all 
practical  cases  which  are  likely  to  arise,  the  photographic  method  of 
measuring  "  hardness "  is  quite  sufficient.  A.  B.  W. 

.  201.  Optics  of  X-rays.  G.  Qouy.  (Comptes  Rendus,  161.  pp.  765-767, 
Dec.  20,  1^915.) — A  discussion  of  the  problem  of  the  focusing  of  X-rays, 
n;iaking  use  of  crystalline  reflection.  The  possibility  of  this,  with  the  conse- 
sequent  possibility  of  the  formation  of  sharp  X-ray  images  is  of  great 
iQiportance  in  X-ray  spectroscopy.  Considering  first  of  all  the  case  of 
rejection  of  X-rays  from  a  crystal  having  parallel  and  equidistant  planes  of 
atoms,  the  author  extends  the  reasoning  to  the  case  of  reflection  from  a 
series  of  parallel  curved  planes  of  atoms— such  as  is  practically  realised  in  a 
slightly  bent  sheet  of  mica.  The  following  relation,  for  the  distance  {x)  of  the 
image  to  the  source,  is  given  for  homogeneous  X-radiation : — 

l/X  =  »/4IW.>/(*»-f4R«), 

where  R  is  the  radius  of  curvature  of  the  cylinder  on  which  the  thin  mica 
sheet  is  laid.  A.  B.  W/ 

202.  Canal  Rays.  T.  Retschinsky .  (Ann.  d.  Physik,  48. 4.  pp.  54^-^76, 
Nov.  9, 1915.)— A  continuation  of  previous  work  [Abs.  1407  (1915)]  dealing 
with  the  electromagnetic  and  spectral  analysis  of  canal  rays.  The  arrange- 
ment of  the  apparatus  was  the  same  as  that  employed  in  the  energy  measure- 
ments. The  results  of  the  research  are  illustrated  by  a  number  of  interesting' 
diagrams  and  tables.  (1)  It  is  found  that  particles  of  the  same  velocity  are 
deflected  both  by  magnetic  and  electric  fields  and  give  rise  to  the  displaced' 
line  in  the  Doppler-eflfect  (2)  Raising  the  pressure  in  the  observation  space* 
increases  the  number  of  slow-moving  atoms,  a  corresponding  reduction  in^ 
the  number  of  molecules  being  observed.  (8)  The  presence  of  hydrogen 
reduces  the  number  both  of  the  slow-moving  atoms  and  of  the  molecules. 
The  results  (2)  and  (8)  are  explained  on  the  supposition  that  the  atoms  are 
due  to  dissociation  of  the  molecules,  and  that  the  quick-moving  atoms  cor-' 
respond  to  the  discharge  space,  the  slow-moving  atoms  to  the  observation 
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space.  (4)  The  results  of  the  electromagnetic  analysis  show  that  in  oxygen 
the  atoms  are  the  carriers  for  the  spark  lines,  while  the  molecules  are  the 
carriers  for  the  series  lines.  (5)  With  gases  of  di£Ferent  atomic  weight  the 
same  conditions  exist  in  front  of  the  kathode.  An  equal  percentage  of 
the  number  of  the  particles  pass  through  each  part  of  the  whole  kathode-fall. 
Different  particles  possess  the  same  energy  conditions  but  di£Ferent  velocities. 
The  conclusion  therefore  is  that  the  breadth  of  the  displaced  lines  in  the 
Doppler-e£fect  is  inversely  proportional  to  the  square  root  of  the  atomic 
weight.    [See  also  Abs.  600  (1918).]  A.  W. 

RADIOACTIVITY. 

203.  Charge  carried  by  Recoil  Atoms  from  Radio-active  Substances,  L. 
TVertenstein.  (Comptes  Rendus,  161.  pp.  696-699,  Dec.  6, 1916.)— It  is  well 
known  that  recoil  atoms,  produced  when  a-particles  are  expelled  from  radio- 
active substances,  carry  a  positive  charge.  This  was  first  j)roved  by  experi- 
ments of  Makower  and  Russ  on  the  deflection  of  these  recoiling  atoms  in 
electric  and  magnetic  fields.  This  problem  of  the  charge  carried  by  recoil 
atoms  is  of  considerable  theoretical  importance,  for  its  solution  is  essential 
for  the  development  of  our  theories  of  the  mechanism  involved  in  the 
production  of  a-rays.  It  is  also  of  importance  from  an  experimental  stand- 
point, for  the  charge  carried  by  recoil  atoms  constitutes  a  source  of  error  in 
the  determination  of  the  charge  carried  by  the  a-particle.  For  these  reasons 
the  author  has  made  an  experimental  investigation  of  the  question  of  the 
charge  of  recoil  atoms,  by  the  direct  method,  t,e»  by  the  receiving-cylinder 
method.  Use  has  been  made  of  the  extreme  absorbability  of  recoil  atoms  in 
matter,  to  separate  the  e£Fect  of  these  particles  from  the  effect  of  the 
o-partides.  Three  sets  of  observations  on  the  charge  communicated  to  the 
receiver  give  the  required  information  :  (1)  When  both  a-rays  and  recoil- 
atoms  pass  through  a  high  vacuum  only,  (2)  when  the  recoil-atoms  are 
filtered  out  from  the  a-rays  by  means  of  a  thin  leaf  of  Al  0*7  /« in  thickness, 
and  (8)  when  t>oth  recoil-atoms  and  a-particles  are  stopped  by  a  layer  of 
Al  0*05  mm.  in  thickness.  The  whole  apparatus  is  placed  in  a  strong 
magnetic  field,  and  a  series  of  experiments  made  at  varying  pressures  (all 
very  low)  of  the  gas  in  the  apparatus. 

It  is  shown  that  in  the  best  vacuum  obtainable  by  means  of  a  Gaede 
molecular  pump,  i.e.  a  pressure  equivalent  to  0*6  dyne/cm.',  atoms  of  RaD 
recoiling  from  RaC  carry  no  electric  charge.  As  the  pressure  of  the  gas 
increases  they  acquire  a  positive  charge  which  gradually  increases, 
eventually  becomes  equal  to,  and  then  exceeds,  the  value  of  the  charge 
carried  by  the  a-rays. 

The  atoms  of  RaD  are  not  charged  at  the  instant  of  their  production. 

A  discussion  of  the  results  quoted  above  is  given,  and  the  views  are 
extended  to  the  case  of  other  radio-active  transformations.  A.  B.  W. 

204.  Attempt  to  Influence  the  Rate  of  Radio-active  Transformations,  I. 
J.  Danysz  and  L.  Wertenstein.  (Comptes  Rendus,  161.  pp.  784-787, 
Dec.  20, 1916.) — ^After  a  short  discussion  of  the  numerous  futile  attempts  to 
accelerate  or  retard  the  rate  of  decay  of  radio-active  products,  a  set  of  experi- 
ments are  described  in  which  the  radio-active  forces  themselves  are  employed 
to  attain  this  object.  Whilst  such  conditions  as  high  or  low  temperature, 
compression,  electrical  discharge,  magnetic  fields,  etc.,  have  been  quite 
ineffective,  the  authors  thought  it  possible  that  by  employing  exceptionally 
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great  atomic  shocks,  such  as  those  produced  by  impact  of  a-rays,  to  observe 
some  indication  of  a  change  in  rate  of  decay  of  the  substance  bombarded. 
It  is  concluded  that  even  the  most  intimate  encounters  of  a-partides  with 
the  atoms  of  the  substance  are  powerless  to  induce  artificial  radio-activity 
or  influence  the  rate  of  disintegration.  A.  B.  W. 

206.  Radio-active  Fluctuations — using  Unsaturated  Currents,  A.  Ernst. 
(Ann.  d.  Physik,  48.  7.  pp.  877-906,  Dec.  21, 1915.  Dissertation,  Tubingen.) 
— Apart  from  the  exponential  decay,  the  intensity  of  the  radiation  from  a 
radio-active  substance  is  not  absolutely  constant,  but  exhibits  irregular 
fluctuations,  so-called  Schweidler-variations.  These  irregularities  in  the  inten- 
sity of  the  radiation  have  been  investigated  by  numerous  observers,  including 
Kohlrausch,  E.  Meyer,  and  E.  Regener  [Abs.  626  (1908)],  and  H.  Geiger 
[Abs.  926  (1908)].  A  new  method  is  now  described.  By  eliminating 
systematic  errors  from  a  large  series  of  fluctuation-observations  it  is  shown 
that  the  fluctuations  are  such  as  are  expected  according  to  ordinary  laws 
of  probability.  The  measurements  of  Kohlrausch  on  the  variation  of  the 
percentage  fluctuation  of .  a  radio-active  preparation  with  the  ionisation- 
current  produced  have  been  repeated.  A.  B.  W. 

206.  Theory  of  fi-rays.  H.  T.  Wolff.  (Phys.  Zeits.  16.  pp.  416-419, 
Nov.  16, 1915.) — ^A  theoretical  discussion,  in  which  Rutherford's  model  of  the 
atom,  having  a  positive  nuclear  charge,  is  taken  as  basis  [see  Abs.  184  (1915)]. 

A.  B.  W. 

207.  Radium-Uranium  Ratio  in  Camotiies.  S.  C.  Lind  and  C.  F. 
TVhittemore.  (Bureau  of  Mines,  Techn.  Paper,  88.  [28  pp.],  1915. 
Chem.  News,  118.  pp.  79-81,  Feb.  18,  1916.  Abstract)— The  paper  com- 
mences with  a  lengthy  introduction  referring  to  the  work  of  other  in- 
vestigators and  to  the  various  methods  employed  in  determinations  of 
this  character.  The  variations  of  the  uranium  radium  ratio  in  minerals, 
other  than  pitchblende,  are  discussed,  and  the  case  of  carnotites  is  examined 
in  detail.  The  authors  summarise  as  follows: — (1)  Samples  of  camotite 
representing  large  quantities  of  ore  (a  few  hundred  lbs.  to  several  tons)  show 
a  radium -uranium  ratio  identical  with  that  of  pitchblende  (8*88  x  10~^; 
this  ratio  is  also  in  accord  with  the  value  calculated  from  radiation  data. 
(2)  Samples  from  small  quantities  of  ore  (hand  specimens  up  to  a  few  lbs.) 
tend  to  exhibit  abnormal  ratios.  In  one  instance  the  ratio  was  as  low  as 
2*48  X  10~^  and  in  another  as  high  as  4'6  x  10-^.  (8)  The  most  plausible 
explanation  for  these  abnormal  ratios  seems  to  be  that  oi  transposition  ci 
radium  within  the  ore  bed,  producing  local  differences  which  are  equalised 
in  large  samples.  (4)  The  "  emanating-power  "  of  carnotiteis  high,  and  varies 
from  16  to  50  %.  (5)  In  order  to  obtain  concordant  results  by  the  Boltwood 
emanation  method  it  was  found  desirable  to  determine  the  emanation 
liberated  by  solution  in  the  same  sample  from  which  the  emanating-power 
had  just  been  determined,  thus  making  the  two  determinations  strictly 
complementary.  (6)  Radium  may  be  easily  determined  in  one  operation  by 
the  emanation  method,  either  by  solution  or  by  ignition  from  tubes  in  which 
it  has  been  sealed  for  one  month  to  reach  equilibrium.  (7)  In  contrast  with 
the  success  of  the  solution  and  the  ignition  methods  for  de-emanating 
carnotite,  the  method  of  fusion  with  sodium  and  potassium  cart>onates  and 
the  fusion-and-solution  method  both  gave  low  results  and  were  abandoned. 

The  paper  contains  the  details  of  the  analysis  of  24  samples  of  different 
minerals,  a  table  of  results  for  numerous  specimens  of  carnotite  being  also 
included.    A  critical  discussion  of  these  results  follows.  A.  B.  W. 
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208.  Specific  Heat  of  Platinum  and  of  the  Diamond  at  High  Temperatures, 
A.  Magnus.  (Ann.  d.  Physik,  48.  7.  pp.  988-1004,  Dec.  21, 1915.)~The  only 
measurements  of  the  specific  heat  of  the  diamond  at  high  temperatures  were 
made  by  Weber  in  1875.  On  account  of  its  simple  space-lattices  [Abs.  1881 
(1914)]  an  exact  determination  is  necessary  for  theoretical  purposes.  Weber, 
in  his  investigation  on  graphite  and  the  diamond,  did  not  measure  his  high 
temperatures  directly,  but  deduced  them  from  the  amount  of  heat  given  up 
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by  Pt  when  cooled  through  the  same  range  of  temperature.  The  author  there- 
fore employs,  with  a  few  modifications,  the  large  calorimeter  already 
described  [Abs.  625  (1918)]  in  order  to  determine  the  specific  heat  of  pure  Pt 
between  air  temperatures  and  900°  C.  The  results  may  be  represented  by  the 
equation,^  =  0*08159  -f  58468  x  10"*/,  this  equation  being  applicable  at  any 
rate  within  the  range  160°  to  850°  C.  The  specific  heats  of  diamond  and 
graphite  are  then  re-calculated  from  Weber's  figures.  The  curves  above 
are  deduced  from  the  results.  T.  B. 

209.  Specific  Heat  of  Water  between  5°  and  50°  in  International  Watt-seconds. 
W.  Jaeger  and  H.  v.  Steinwehr.  (Deutsch.  Phys.  Gesell.,  Verb.  17. 
17-20.  pp.  862-868,  Oct.  80, 1915.  From  the  Physikal.-Techn.  Reichsanstalt.) 
— ^The  author's  measurements  were  made  with  a  closed,  cylindrical  copper 
calorimeter  holding  50  litres  and  surrounded  by  a  water-jacket  kept  at  a 
definite  temperature  by  means  of  circulating  water.  The  temperature  was 
measured  with  a  Pt  thermometer,  the  energy  being  determined  by  measuring 
the  current  and  voltage  by  means  of  a  compensation  apparatus.  A  series  of . 
66  measurements  were  made  at  approximately  regular  intervals  between  6° 
and  50°,  the  mean  error  being  about  8*5  x  10^.  For  the  heat-capacity  A  the 
formula  A«  =  42047,  —  0-001768« -f  0000026447tt»,  is  deduced,  u  being  the 
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temperature  in  Centigrade  degrees.    The  results  are  summarised  in  the 
following  table  : — 


u. 

A. 

A:A^. 

Temp.-cocff.  x  10~*- 

6° 

4-1966 

10029s 

—  8-68 

10 

41897s 

10018s 

-2-96 

16 

41842 

1-0000 

—  2-84 

20 

4-1800 

0-9990 

—  1-70 

26 

41771 

0-9988 

-1-07 

80 

41766 

0-9979 

-0-48 

86 

41768 

0-9978s 

+  0-20 

40 

41764 

0-9981s 

+  0-83 

46 

4-1788 

0-9987 

+  1-47 

60 

41826 

0-9996 

+  2-10 

These  results  are  based  on  the  Reichsanstalt  unit  of  resistance,  the  value 
1*0188  volt  for  the  Weston  element  at  20*^,  and  the  thermodynamic  tempera- 
ture-scale. T.  H.  P. 

210.  Thermal  Conductivity  of  Neon,  E.  Bannawitz.  (Ann.  d.  Physik, 
48.  6.  pp.  677-692,  Nov.  80,  1916.)— The  thermal  conductivity,  *,  of  a  gas  is 
connected  with  its  viscosity  ti,  and  its  specific  heat,  c»,  by  the  relation 
k  =:ffiCv,  where /has  di£Ferent  values  according  to  the  nature  of  the  gas  and 
the  assumptions  made  [see  Abs.  1460  (1904)].  Only  for  monatomic  gases, 
however,  are  theory  and  experiment  in  agreement,  and  for  these  gases 
Chapman  [Abs.  686  (1912)]  obtained  the  theoretical  result  that /=  6/2.  This 
has  been  confirmed  experimentally,  in  the  case  of  argon  (/:=  2*601)  and 
helium  (/'=2-607),  by  Schwarze  [Abs.  1460  (1904)].  The  present  paper  is 
concerned  with  the  experimental  determination  of  the  thermal  conductivity 
of  neon  by  the  method  of  Schleiermacher,  the  value  obtained  at  (f  C.  being 
k  ^  0*0001091.  Assuming  Rankine's  value  for  17,  and  obtaining  Cy  from  the 
thermodynamicai  equation  c  =  R/  [mj(x  —  1)]  =  0-1474,  where  R  is  the  gas 
constant,  m  the  molecular  weight,  and  x  the  ratio  of  the  specific  heats,  the 
author  verifies  ^Chapman's  theory  in  the  case  of  neon,  the  value  of/s=*/i|Cr 
being 2601.    "  T.  B. 

211.  Thermal  Resistance  at  the  slightly  Conical  Junction  of  Two  Solids,  T. 
Barratt.  (Phys.  Soc,  Proc.  28.  pp.  14-20,  Dec,  1916.)— In  order  to  verify 
the  validity  of  certain  assumptions  made  in  his  previous  experiments  on  the 
thermal  conduction  of  solids  [Abs.  1991  (1914),  816  (1916)]  the  author  has 
investigated  the  fall  of  temperature  at  a  junction  of  two  metals  through  which 
heat  is  passing.  The  conical  extremity  of  a  solid  rod  was  fitted,  as  accurately  as 
possible,  into  a  hole  bored  into  a  solid  copper  cylinder  heated  electrically,  and 
the  rest  of  the  rod  projected  into  a  constant-temperature  air  enclosure. 
Measurements  were  made  with  the  cylinder  at  various  temperatures  up  to 
lOO^C.  but  the  temperature  of  the  enclosure  was  never  more  than  10  or 
12  deg.  C.  below  that  of  the  rod.  It  was  found  that  at  the  junctions  of 
various  metals  of  comparatively  high  conductivity  and  small  diam.  (1  mm.) 
the  fall  of  temperature  was  constant  and  about  2^  %  of  that  of  the  cylinder, 
while  it  was  rather  less  in  the  case  of  thicker  rods  (6-mm.)  made  of  metals  of 
low  conductivity.  The  thermal  resistance  is  probably  due  to  the  thin  air  film 
between  the  surfaces,  and  it  is  slightly  reduced  by  smearing  them  with  olive 
oil.  D.  O.  W. 
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212.  Measurement  of  very  Low  Temperatures.  XXVI.  Vapour  Pressures  of 
Oxygen  and  Nitrogen  auordingio  v.  Siemens^  Pressure  Measurements  and  Onnek 
Determinations,  G.  Hoist.  (K.  Akad.  Amsterdam,  Proc.  18.  Nos.4-5.  pp;  829-^ 
889, 1916.  Comm.  No.  148a  from  the  Phys.  Lab.,  Leiden.)— The  calibration  of 
V.  Siemens'  Pt-resistance  thermometer  [see  Abs.  269  (1914)]  in  terms  of  the 
-Leiden  standard  thermometer  by  means  of  Nernst's  linear  reduction  formula 
does  not  agree  so  well  with  later  calibrations  as  do  the  latter  among  them- 
selves, considerable  deviations  occurring,  especially  in  the  oxygen  region. 
Correction  of  v.  Siemens'  temperatures  leads  to  new  tables  giving  the  vapour 
pressure  of  oxygen  from  90*21°  K.  to  57"  40°  K.  and  those  of  nitrogen  from 
80-48°  K.  to  5700°  K.  T.  H.  P. 


213.  Wien-Planck  Radiation  Constant,  E.  Warburg  and  C.  Miller. 
(Ann.  d.  Physik,  48.  8.  pp.  410-482,  Oct.  29,  1915.  Comm.  from  the 
Physikal.-Techn.  Reichsanstalt.) — A  continuation  of  former  work  [see  Abs.  640 
(1918)] .  Experiments  over  the  region  between  X  ==  0'589  and  2*172  /«  show 
that  the  Wien-Planck  radiation  constant  is  independent  of  the  wave-length  of 
the  light  employed  in  its  determination.  The  mean  results  obtained  in  the 
new  experiments  with  two  different  types  of  raditors  are  as  follows  : — 


\  = 

0-5893, 

1132. 

i-58a 

2178. 

Hean. 

Lummer-Kurlbaum  Radiator — 
Small  Model 

14,249 
14,288 

14,278 
14,268 

14,262 
14,268 

14,168 
14,195 

14,255 
14,288 

14,198 
14,226 

14,251 
14,288 

14,227 
14,257 

14,254 
14,279 

14,217 
14,287 

Large  Model 

Carbon  Radiator— 

1675°  abs 

2245°  abs 

J.V 

/.  T.  W. 

214.  Radiation  and  Convection  from  a  Heated  Wire  in  an  Enclosure  of  Air. 
T.  Barratt.  (Phys.  Soc,  Proc.  28.  pp.  1-12 ;  Disc,  18  Dec,  1915.)— Con- 
tains an  account  of  experiments  made  in  order  to  determine  the  numerical 
relation  between  the  heat  lost  by  radiation  and  by  convection  from  a  hot 
ireplaced  in  an  enclosure,  containing  air  at  atmospheric  pressure,  whose 
walls  are  maintained  at  constant  temperature.  The  apparatus  employed  was 
that  used  by  the  author  in  his  experiments  on  thermal  conductivity  [Abs.  1991 
(1914)].  The  method  consisted  in  (1)  measuring  the  amount  of  heat  required 
to  maintain  the  temperature  of  the  wire  a  given  amount  above  that  of  the 
surrounding  gas,  the  surface  of  the  wire  being  (a)  coated  with  a  dead-black 
varnish,  (6)  uncoated ;  (2)  comparing  the  radiations  from  two  surfaces  of  a 
Leslie  cube  similar  to  (a)  and  (b)  by  means  of  a  thermopile.  Wires  of 
different  substances  were  used  and  the  results  obtained  from  both  (1)  and  (2) 
were  found  to  be  independent  of  the  material  of  the  wire.  The  diameters 
varied  from  1  to  6  mm.  :  the  excess  temperature  was  of  the  order  of  10  deg.  C, 
and  experiments  were  carried  out  at  room  temperatures  and  at  100°  C. 

The  experiments  indicate  that  of  100  parts  of  "total  heat"  lost  from  a 
wire  at  air  temperatures,  2*5  consist  of  radiation  for  a  bare  wire,  and  12*6  for 
a  blackened  wire.  At  100°  C.  these  percentages  become  4*4  and  20*7  respec- 
tively, being  the  same  for  all  diameters  tested.  The  actual  increase  of  total 
loss  when  the  temperature  increased  from  17°  to  100°  was  20  %,  and  it  is  thus 
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largely  due  to  increased  convection.  The  coefficient  of  total  emissivity 
decreases  as  the  diam.  increases,  being,  at  18°  C,  equal  to  0*00058  for  a  wire 
1  mm.  in  diam.  and  000022  for  another  6  mm.  in  diam.  D.  O.  W. 

215.  Second  Virial  Coefficient  for  Rigid  Spherical  Molecules^  whose  Mutual 
Attraction  is  Equivalent  to  that  of  a  Quadruplet  placed  at  their  Centre,  W.  H. 
Keesom.  (K.  Akad.  Amsterdam,  Proc.  18.  Nos.  4-5.  pp.  686-646,  1916. 
Supplement  No.  89rt  to  Communications  from  the  Phys.  Lab.,  Leiden.)— 
From  the  results  of  Debye's  investigations  on  dielectric  constant  and 
refractive  index  [see  Abs.  571  (1912)],  it  is  evident  that  the  molecules  of 
the  diatomic  elementary  gases  do  not  possess  a  moment  such  as  that  of  a 
doublet.  In  the  theoretical  considerations  of  the  present  paper  the  molecules 
are  regarded  as  rigid  spheres  of  concentric  structure  having  at  their  centre 
a  quadruplet  composed  of  two  doublets,  which  have  axes  in  the  same  line 
but  of  opposite  directions  and  approach  one  another  indefinitely,  preserving, 
however,  a  finite  quadruplet-moment.  For  such  a  system  of  rigid  spherical 
molecules  the  second  virial  coefficient,  B,  is  developed  in  a  series  of  ascending 
powers  of  T-*.  The  values  of  B  for  hydrogen  from  —100°  to  +100P  C.  are 
represented  with  sufiBcient  accuracy  by  the  equation  thus  deduced. 

T.  H.  P. 

216.  TUH>  Theorems  concerpting  the  Second  Virial  Coefficient  for  Rigid  Spherical 
Molecules,  which  beside  Collisional  Forces  exert  only  Coulomb  Forces  and  for 
which  the  Total  Charge  of  the  Active  Agent  is  Zero.  W.  H.  Keesom.  (K. 
Akad.  Amsterdam,  Proc.  18.  Nos.  4-5.  pp.  868-^71,  1916.  Supplement 
No.  896  to  Communications  from  the  Phys.  Lab.,  Leiden.) — In  calculating 
the  second  virial  coefficient,  B,  in  the  equation  of  state  written  in  the  form, 
^f^  =  RT(1  +  B/v  +  C/z^+...)...(l)  for  a  system  of  rigid  spherical  molecules 
carrying  a  doublet  at  the  centre  [see  Abs.  1856  (1912),  644  (1918)],  the  second 
term  in  the  development  according  to  inverse  powers  of  the  temperature, 
B  =  Boo(H- WT  +  6,/T*...)...(2)  did  not  occur,  and  this  was  also  the  case* 
with  all  the  higher  odd  powers.  With  rigid  spherical  molecules  carrying  a 
quadruplet  of  revolution  type  [see  preceding  Abs.],  the  second  term  in  (2) 
was  again  absent,  but  the  higher  terms  with  bi,  etc.,  present  It  is  now  shown 
that  in  the  development  of  B  the  term  containing  T-^  does  not  occur  if  the 
following  conditions  are  fulfilled :  (a)  The  molecules  behave  at  their  col- 
lisions as  rigid  spheres  ;  {b)  the  attractive  or  repulsive  forces — not  including 
the  collisional  forces — which  the  molecules  exert  on  each  other  originate 
from  fixed  points  in  the  molecule  and  can  be  derived  from  a  Coulomb  law 
of  force  (inversely  proportional  to  the  square  of  the  distance  between  the 
attracting  or  repelling  points),  so  that  these  forces  might  be  ascribed  to  an 
electric  agent  possibly  with  multiple  points;  (c)  the  total  quantity  of  the 
agent  in  each  molecule  is  zero,  the  molecules  being  electrically  neutral.  No 
odd  power  of  T~*  occurs  if,  in  addition,  {d)  the  molecule  possesses,  as  regards 
its  attractive  and  repulsive  forces,  at  least  one  axis  of  "  inverse  S3rmmetry," 
that  is,  if  each  volume  element  contains  a  quantity  of  the  agent  equal  and 
opposite  to  that  of  the  volume  element  with  which  it  coincides  after  a  revolu- 
tion about  that  axis  through  the  angle,  2?r/K,  K  being  a  whole  and  necessarily 
even  number.  T.  H.  P. 

217.  Investigation  of  the  Equilibrium ,  Liquid-Vapour,  of  the  System  Argon- 
Nitrogen.  G.  Hoist  and  L.  Hamburger.  (K.  Akad.  Amsterdam,  Proc.  18. 
Nos.  4-5.  pp.  872-894, 1916.) — The  percentage  of  nitrogen  in  the  nitrogen- 
argon  mixtures  investigated  was  determined  by  means  of  (1)  glow  discharges 
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in  potassium  vapour  and  (2)  a  baroscope.  A  systematic  di£Eerence  between 
the  results  obtained  by  these  two  methods  indicates  that  the  value  hitherto 
assumed  for  the  atomic  weight  of  argon  might  not  be  quite  accurate.  Since 
this  difference  disappears  on  adoption  of  Schultze's  value  for  the  specific 
gravity  of  argon  [see  Abs,  1771  (1915^],  the  accuracy  of  this  value  is  rendered 
highly  probable ;  a  preliminary  direct  determination  gave  a  value  in  good 
agreement  with  Schultze's  result.  New  measurements  of  the  vapour  pressures 
of  oxygen,  argon,  and  nitrogen  have  been  made,  and  the  results  are  discussed 
in  relation  to  those  of  other  observers.  Accurate  determination  of  the  triple* 
point  of  argon  gives  Ts=  88*81°  and  ^  =  621-4  mm.  The  initial  and  final 
points  of  condensation  of  argon- nitrogen  mixtures  have  been  determined 
with  an  accuracy  corresponding  with  about  0*02  deg.,  and  the  saturated 
vapour- volumes  are  given.  The  observations  with  the  mixtures  are  com- 
pared with  the  equation  of  state  in  the  form,  pvll60  =  RT(1  -f  Bjv),  the 
accuracy  in  pvflQO  being  about  0*1  %.  Within  the  range  of  temperatures 
investigated,  the  values  of  log  /  for  the  mixtures  may  be  represented  as  a 
linear  function  of  1/T  for  both  the  initial  and  final  points  of  the  condensa- 
tion. The  pV'  and  Tjf-diagrams  have  also  been  constructed.  The  com- 
positions of  the  gas-phase  (r)  and  of  the  liquid  phase  {/)  satisfy  the  relation 
log r^ ssa  +  b log r.  From  the  shapes  of  the  curves  in  these  diagrams 
conclusions  are  drawn  concerning  a  possible  fractional  distillation  of  the 
argon-nitrogen  mixtures.  T.  H.  P. 

218.  Fourier  Coefficients  of  Natural  Radiation,  M.  v.  Laue.  (Ann.  d. 
Physik,  48.  5.  pp.  668-680,  Nov.  80,  I915.)--In  reply  to  A.  Einstein,  this  paper 
discusses  mathematically  the  statistics  of  the  Fourier  coefficients  of  natural 
radiation.    [See  Abs.  95  and  96  (1916).]  E.  H.  B. 

219.  Radiation  Theory.  R.  Emden.  (Phys.  Zeits.  16.  pp.  282-285 
Aug.  1,  1915.) — ^A  theoretical  treatment  comprising  a  new  derivation  of 
Stefan's  law  and  a  discussion  of  Wien's  displacement  law  and  the  temperature 
of  radiation.  E.  H.  B. 

220.  Thermodynamical  Laws  of  Periodic  Movements  which  follow  from  the 
Principle  of  Least  Action.  K.  Fdrsterling.  (Ann.  d.  Physik,  47.  8.  pp.  1127- 
1188,  Sept.  14, 1915.) — ^Anal3rtical  treatment  unsuitable  for  detailed  abstraction. 

E.  H.  B. 

221.  An  Elementary  Account  of  the  Quantum  Theory,  J.  Rice.  (Faraday 
Soc,  Trans.  11.  pp.  1-18,  Oct.,  1915.) 

222.  An  Interpretation  of  van  der  Waals*  Equation  from  the  Standpoint 
of  Volume  determined  by  Equilibrium  of  Pressures,  W.  V.  Metcalf.  (J. 
Phys.  Chem.  19.  pp.  705-719,  Dec,  1915.) 

223.  A  Modified  Conception  of  the  Equipartition  Law  of  Kinetic  Energy, 
E.  A.  Holm.  (Ann.  d.  Physik,  48.  4.  pp.  481-518,  Nov.  9, 1915.)— Highly 
mathematical  treatment 

224.  Thermodynamics  of  Condensed  Systems,  A.  Smekal.  (Ann.  d. 
Physik,  47.  8.  pp.  1189-1144,  Sept.  14,  1915.  From  K.  Akad.  Wiss.  Wien, 
Ber.) — Mathematical. 
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226.  Sound  Recorder  with  Small  Soap  Film,  S.  Garten.  (Ann.  d. 
Physik,  48.  8.  pp.  278-806,  Oct.  29, 1916.)— A  very  small  chamber  is  provided 
with  a  cross-shaped  opening  (8  mm.  by  2*5  mm.)  in  its  upper  face,  its  lower  facb 
being  of  glass.  By  a  glass  funnel  and  rubber  tube  the  sound  to  be  examined 
and  recorded  is  conveyed  to  this  chamber.  The  cross-shaped  opening  is 
covered  with  a  soap  film  and  at  its  centre  is  placed  an  iron  particle  which 
is  held  in  place  by  the  action  of  an  electronn^oet  A  microscope  is  mounted 
with  its  axis  horizontal  and  the  chamber  and  soap  fiha^are  placed  at  an 
angle  of  45°  and  at  the  focus  of  the  objective.  Thus  when  the  membrane 
is  set  in  vibration  by  the  sound  under  test  the  motion  of  the  iron  particle  can 
be  observed.  Records  of  the  various  sounds  can  also  be  made  on  a  moving 
sensitive  film.  Twenty-six  photographic  reproductions  are  given,  comprising 
the  sounds  from  forks,  organ-pipes,  the  noise  from  an  electric  spark,  also 
vowel  sounds  sung  at  various  pitches.  E.  H.  B. 

226.  Estimating  Distances  at  Sea  in  Fog  or  Thick  Weather.  J.  Joly.  (Roy. 
Soc,  Proc  92.  pp.  170-175,  and  176-188,  Jan.  1, 1916.)— The  author's  method 
is  similar  to  that  proposed  by  C.  E.  Kelway  [Brit.  Pat.  12,124  of  1899], 
although  the  latter's  work  is  not  referred  to,  and  is  based  on  the  differing 
velocities  of  signals  in  different  media.  Besides  the  use  of  simultaneously 
emitted  "  wireless  "  signals  and  aerial  sound  signals  as  in  Kelway's  arrange- 
ment, the  author  proposes  the  simultaneous  striking  of  a  submarine  bell  and 
a  bell  above  the  surface  of  the  sea.  The  scheme  is  then  elaborated  and  its 
application  to  the  avoidance  of  collision  at  sea  discussed.  In  a  later  paper 
(Ibid.  pp.  252-260,  Feb.  1, 1915)  the  author  describes  a  calculator  by  means 
of  which  the  necessary  computations  can  be  rapidly  carried  out.      L.  H.  W. 

227.  Acoustics  of  Armoury  at  Illinois,  F.  R.  Watson.  (Brickbuilder, 
pp.  1-4,  Oct.,  1915.  Reprint.)— The  armoury  at  the  University  of  Illinois 
presents  an  unusual  case  of  defective  acoustics  because  of  its  very  large 
volume  and  comparatively  small  absorbing  power.  It  was  built  to  fulfil  the 
usual  requirements  of  an  armoury  in  regard  to  military  drills  ;  but  in  addition, 
it  has  been  used  on  several  occasions  for  convocations  and  assemblies  where 
the  audiences  have  been  very  large.  The  acoustics  proved  to  be  impossible 
for  speaking  and  music.  In  view  of  the  proposed  continued  use  of  the 
building  for  such  assemblies,  the  author  carried  out  an  investigation  to 
determine  the  possibilities  of  making  it  satisfactory  in  its  acoustical 
properties. 

The  armoury  is  400  ft  long.  212  ft  wide,  and  98  ft  high  at  tlie  centre  of 
roof,  which  is  almost  semicircular  (and  at  once  reminds  an  English  reader  of 
St  Pancras  Station,  London).  Three  experiments  were  tried  to  distribute 
the  sound  as  desired.  These  utilised  parabolic  reflectors,  a  special  mega- 
phone, and  loud -speaking  telephones  respectively.  None  of  these  proved 
successful  because  of  the  long-continued  reverberation  from  the  roof  and 
walls. 

Accordingly  it  appeared  impossible  to  use  the  building  for  speaking 

unless  its  excessive  reverberation  could  be  reduced.    Sabine's  method  was 

used  for  this  purpose.      His  formula  for  the  time  i  of  reverberation  is 

tsskv'—a,  where  ^  is  a  constant,  v  the  volume  of  the  room,  and  a  the  sound- 
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absorbing  power  of  all  its  exposed  surfaces.  Applying  this  to  the  building 
in  question  v  =  6,662,000  cub.  ft.,  and  the  total  absorbing  power,  without  an 
audience,  is  18,400  units.  The  time  of  reverberation  was  calculated  to  be 
24  sees.  This  is  unusually  large.  The  auditorium  of  the  University  of 
Illinois,  seating  2200,  had  a  reverberation  of  9  sees,  before  its  acoustical 
correction  and  was  considered  to  be  very  bad.  Further  calculations  showed 
that  the  introduction  of  60,000  sq.  ft.  of  hair  felt  would  reduce  the  value  of  / 
only  to  4-66  sees.,  which  is  still  too  large  for  easy  speaking  ;  so  canvas 
curtains  were  introduced  to  enclose  a  space  212  ft.  by  184  ft.  and  86  ft.  high. 
The  time  of  reverberation  for  this  enclosure  with  an  audience  of  4600  was 
then  estimated  to  be  1*1  sees.  This  arrangement  was  carried  out  and 
auditors  in  all  parts  of  this  space  could  then  hear  and  understand  the  various 
speakers.  E.  H.  B. 


Sound  speeds  and  Ratios  of  Specific  Heats  of  Gases  by  Kundfs  Dust- 
figures.  G.  Schweikert.  (Ann.  d.  Physik,  48.  6.  pp.  698-667,  Nov.  80, 
1916.  Abbreviated  Dissertation,  Bonn.) — A  very  elaborate  descriptive, 
mathematical  and  experimental  treatment  of  the  subject  with  many  tables,  a 
three-page  bibliography,  and  two  whole-page  plates  of  photographic  repro- 
ductions of  the  dust-figures.  Part  of  one  of  the  concluding  tables  is  as 
follows : — 


Molecular  Weight. 

Specific  Heats  at  WP  C. 

Gas. 

Ordinary. 

Molecular. 

C,. 

Cv. 

C^ 

<V 

Air   

28-96 

2800 

28-02 

82-00 

86-47 

4400 

4402 

6407 

17084 

28082 

26016 

0-2889 
0-2464 
0-2464 
0-2164 
01982 
0-2028 
0-2098 
0-1670 
0-6246 
0-8486 
0-8760 

0-1700 
01768 
0-1768 
01640 
01876 
0-1664 
01688 
01240 
0-4082 
02771 
0-2998 

6-918 
6900 
6-906 
6-924 
7046 
8904 
9-214 
10069 
8988 
9-778 
9-788 

4-924 

CO   

4*906 

Nt 

4-911 

0, 

4-929 

HCl 

6-017 

CO, 

6*882 

N,0 

SOf  

7*187 
7-948 

NH, 

C,H4 

CH, 

6*869 
7*769 
7*786 

E.  H.  B. 

229.  Vibrations  in  Flutes  and  Organ-pipes.  W.  Steinhausen.  (Ann.  d. 
Physik,  48.  6.  pp.  698-717,  Nov.  80,  1916.)— An  experimental  research  in 
which  the  condition  of  the  air  inside  a  flute  when  played  upon  is  ascertained 
by  a  "search  tube"  that  can  be  slid  along  so  that  its  side  opening  or 
"  search  hole "  is  brought  to  any  desired  position.  The  paper  is  illustrated 
by  photographic  plates  and  diagrams.  E.  H.  B. 

230.  Bullet  Sound-Wavesand  Crack  of  a  Whip.  H.  P.  Maxim.  (Scientific 
American,  118,  p.  281,  Sept.  11,  1916.) — After  noticing  the  specially  sharp 

,  crack  from  cerhtiq  bullets  and  missing  it  from  others  and  photographing 
these  bullets  in  flight,  the  author  finds  that  those  give  the  sharp  crack  like  a 
whip  that  have  a  speed  greater  than  the  ordinary  speed  of  sound  in  air,  and 
thus  show  on  the  photographs  the  breast  wave.  E.  H.  B. 
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ELECTRICITY  AND   MAGNETISM. 

THEORY,  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

231.  Charge  of  the  Electron  and  Avogadro's  Number.  A.  Schidlof. 
(Archives  des  Sciences,  40.  pp.  889-840,  Oct.,  1915.  Paper  read  before 
the  Soc.  Suisse  de  Physique.) — From  the  results  of  experiments  made  with  drops 
of  pure  mercury,  Schidlof  and  Karpowicz  found  the  charge  of  the  electron 
to  be  4*82  x  10"^  e.s.  unit,  and  by  a  similar  method  Targonski  found  the 
value  4*68  X  10""^.  These  results,  which  agree  with  others  previously  found, 
indicate  that  Avogadro's  number  lies  between  6*0  and  6*2  x  10*^  Study  of 
the  Brownian  movement  of  spherules  suspended  in  a  gas  or  liquid  leads  to  a 
much  greater  value.  The  suggestion  is  made,  therefore,  that  the  theoretical 
laws  of  Brownian  movement  are  not  strictly  accurate  and  only  approach  the 
truth  if  the  free  path  among  the  gas  molecules  is  large  in  comparison  with 
the  radius  of  the  spherules.  It  is  possible  also  that  the  observations  are 
perturbed  by  accidental  sources  of  error  which  superimpose  their  efiEect  on 
the  Brownian  movement.  T.  H.  P. 

232.  Electrosiaiic  Field  of  Force,  J.  Spielrein.  (Archiv  f.  Elektro- 
technik,  4.  pp.  7d-85,  1915.) — ^A  mathematical  discussion  of  the  geometrical 
properties  of  the  electrostatic  field  of  force.  The  investigation  is  carried  out 
with  the  object  of  facilitating  the  predetermination  of  the  electric  stresses  in 
insulating  materials.  A.  }.  M. 

DISCHARGE  AND  OSCILLATIONS. 

233.  Most  Effective  Primary  Capacity  for  Testa  Coils.  W.  M.  Jones. 
(Phil.  Mag.  81.  pp.  62-74,  Jan.,  1916.) — It  is  generally  assumed,  from  Drude's 
work,  that  a  Tesla  coil  gives  the  best  efiEect  {i.e.  the  highest  secondary  poten- 
tial for  a  given  primary  discharge  potential)  under  the  condition  LiCi  =  LtCj. 
Taylor  Jones  has  recently  shown  [Abs.  1460  (1916)]  that  the  above  condition 
does  not  apply  if  the  adjustment  is  made  by  varying  the  primary  capacity 
alone,  but  that  in  this  case  the  "optimum"  value  of  Ci  is  considerably  greater 
than  the  resonance  value.  The  author's  experiments  were  undertaken  to 
test  these  conclusions  experimentally,  and  also  to  determine  experimentally 
the  optimum  primary  capacity  and  relative  values  of  the  max.  secondary 
potential  for  various  values  of  the  coupling.  The  variation  of  secondary 
potential  was  obtained  by  noting  the  distance  at  which  a  neon  tube  would 
glow.  It  is  clear  from  the  experimental  results  that  if  the  adjustment  of  the 
Tesla  coil  is  made  by  varying  the  primary  capacity  alone,  then  the  optimum 
value  of  Ci  exceeds  the  resonance  value.  Curves  are  given  in  which  the 
experimental  values  are  compared  with  those  deduced  from  theory.        I.  W. 

ELECTRICAL  PROPERTIES  AND  INSTRUMENTS. 

234.  Light-sensibility  of  Copper  Oxide.  A.  A.  Pf  und.  (Science,  42.  pp.  805- 
806,  Dec.  8, 1915.)— The  fact  that  selenium  changes  its  electrical  conductivity 
under  the  influence  of  light  was  discovered  by  May  in  1878.  Since  that  time 
it  has  been  found  that  sulphur,  shellac,  parafi^,  anthracene,  and  several  other 
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substances  possess  this  property  of  light-sensibility  to  a  slight  extent.  The 
most  noteworthy  addition  to  the  list  was  made  by  Jaeger,  who  discovered  the 
light-sensibility  of  stibnite  (native  SbsSs)  in  IWI.  Since  a  careful  study  of 
the  behaviour  of  these  substances  is  bound,  ultimately,  to  shed  light  on  the 
mechanism  of  metallic  conduction,  it  seemed  worth  while  to  continue  the 
search  for  other  substances  which  show  marked  light-sensitiveness.  Recently 
the  author  found  that  copper  oxide  (CutO  presumably)  shows  the  effect  quite 
unmistakably.  The  fundamental  facts  which  have  been  established  for  this 
new  light-sensitive  substance  are  :  (1)  The  conduction  is  electronic  and  not 
electrolytic  ;  (2)  the  increase  in  conductivity,  occasioned  by  light,  is  distinctly 
different  from  that  produced  by  a  heating  effect;  (8)  the  conductivity  increases 
with  the  applied  voltage,  ue.  Ohm's  law  is  not  obeyed  (voltage  effect) ;  (4)  the 
region  of  increased  conductivity  spreads  slightly  to  portions  of  the  material 
not  illuminated  (transmitted  effect) ;  (5)  the  region  of  highest  sensibility  lies  in 
the  ultra-violet  near  X^SS800  A.U. ;  (6)  cooling  in  liquid  air  increases  the  per- 
centage change  in  conductivity  and  displaces  the  sensibility  maximum  in  the 
red  toward  shorter  wave-lengths  ;  (7)  the  relation  between  the  radiant  energy 
absorbed  (E)  and  the  resultant  change  in  conductivity  (C)  is  very  approxi- 
mately of  the  form  C  =s  KE/9,  where  K  is  a  constant  and  p  lies  near  0*5.  While 
the  percentage  change  in  conductivity  upon  illumination  is  much  less  than 
that  of  Se  and  stibnite,  the  comparatively  high  conductivity  of  copper  oxide 
makes  the  absolute  increase  quite  large.  The  best  cell  thus  far  constructed 
has  a  resistance  of  15,200  ohms  at  17°  C.  for  one  volt.  The  change  in  conduc- 
tivity occasioned  by  the  light  from  a  40-watt  tungsten  lamp  at  20  cm.  is 
about  15  %.  The  area  exposed  to  radiation  is  about  12  mm.'.  If  this  cell  be 
connected  to  a  2-volt  cell  and  a  galvanometer  (forming  part  of  a  simple 
potentiometer)  a  sensitive  device  for  detecting  radiant  energy  is  produced. 
Exposing  the  cell  to  daylight  in  a  moderately-lighted  room  throws  the  galvano- 
meter spot  of  light  violently  off  the  scale.  Monochromatic  radiations  which 
are  quite  too  feeble  to  affect  a  sensitive  radio-micrometer,  bring  about  large 
deflections  when  allowed  to  fall  on  the  copper-oxide  cell.  If  the  cell  be 
connected  to  a  telephone  receiver  and  battery,  and  if  an  intermittent  light- 
beam  of  definite  frequency  be  allowed  to  fall  on  the  cell,  a  clear,  musical  note 
is  heard.    Further  experiments  are  in  progress.  A.  E.  G. 

235.  Condenser  Losses  with  Solid  and  Liquid  Dielectrics.  F.  Tank. 
(Ann  d.  Physik,  48.  8.  pp.  807-859,  Oct.  29,  I915.)--Describes  an  investiga- 
tion of  the  connection  between  the  losses  in  condensers  with  solid  and  fluid 
dielectrics  and  the  anomalies  observed  in  the  charging  and  conduction 
currents  of  these  condensers.  It  is  found  that  the  alternating-current  losses 
in  solid  dielectrics  arise  almost  entirely  from  dielectric  after-effect  and  can 
be  expressed  by  means  of  two  constants  depending  on  the  nature  of  the 
material,  and  determinable  in  any  given  case  by  static  experiments.  The 
Joule  losses  account  for  less  than  1  %  of  the  whole,  while  losses  from  other 
sources  do  not  appear  to  be  present  in  the  a.c.  field.  The  losses  in  liquid 
dielectrics  are  found  to  be  due  to  ionic  conduction,  and  to  disappear  if  the 
dielectric  is  sufficiently  purified.  J.  W.  T.  W. 

236.  Electrical  Conductivity  of  Thin  Air  Films.  E.  Branly.  (Comptes 
Rendus,  161.  pp.  759-765,  Dec.  20, 1915.)— This  paper  describes  very  fully  an 
extension  of  the  author's  work  on  dielectric  films  [Abs.  497  (1918)].  He 
shows  that  air  films,  4  /«  to  5  /« thick,  under  a  pressure  of  1  volt  or  less,  have 
a  definite  conductivity  which  is  influenced  by  a  spark  or  by  shock.       I.  W. 
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237.  Measurement  of  Inductance  of  Low-resistance  Standards,  F.  "Wenner, 
E.  Weibel,  and  F.  B.  Silsbee.  (Bureau  of  Standards,  Bull.  12. 1.  pp.  11-21, 
1915.) — ^Values  hitherto  obtained  for  the  residual  inductance  of  "  non-induc- 
tive "  standards  of  low  resistance  have  been  based  upon  the  calculated  induct- 
ance of  some  conductor.  The  inductances  of  standards  of  odd  shapes  have 
been  obtained  by  measuring  the  differences  between  their  phase  angle  and 
that  of  the  calculated  standard.  The  methods  described  by  the  authors 
determine  the  phase  angles  of  low-resistance  standards  without  recourse  to 
computed  values.  In  the  first  method  the  sum  of  the  phase  angles  of  two 
resistance  standards  is  given.  By  using  8  resistance  standards  8  sums  can  be 
measured  from  which  each  phase  angle  can  be  obtained.  The  second  method 
makes  use  of  a  standard  whose  resistance  can  be  changed  {e,g,  by  varying  the 
temperature  of  a  copper  standard)  without  changing  its  inductance.  The 
measurement  consists  in  determining  the  change  in  phase  angle  or  in  time- 
constant  when  the  resistance  is  changed  by  a  known  amount.  The  second 
method  was  found  to  be  much  simpler  than  the  first.  F.  E.  S. 

238.  Theory  of  Piezoelectric  Phenomena,  "W.  Voigt.  (Ann.  d.  Physik, 
48.  4.  pp.  438-448,  Nov.  9,  1916.)— The  author  points  out  that  the  theory  of 
piezo-electricity  he  has  previously  developed  is  only  approximate.  The  phe- 
nomena are  complicated  by  secondary  effects.  When  a  crystal  subjected 
to  mechanical  stress  becomes  electrified,  the  electric  intensity  may  cause 
secondary  strains,  and  these  would  contribute  a  further  amount  to  the  elec- 
trical effect  observed.  Similarly  in  the  reverse  case,  when  the  crystal  is 
brought  into  an  electric  field,  the  deformation  observed  will  be  due  to  primary 
and  secondary  causes.  In  the  present  paper  the  author  investigates  theoreti- 
cally the  case  of  a  cylinder  of  Iceland  spar  subjected  to  bending  or  torsion, 
such  as  he  has  employed  in  recent  experiments  [Abs.  1749  (1915)].  In  this 
special  case  the  secondary  effects  are  of  small  magnitude,  and  lie  well  within 
the  errors  of  experimental  observation.  In  the  case  of  the  earlier  class  of 
experiments  where  the  electric  effect  was  measured  by  connecting  two  faces 
of  the  crystal  directly  to  an  electrometer,  the  analysis  would  be  exceedingly 
complicated.  The  author  considers,  however,  that  the  magnitude  of  the 
secondary  effect  in  such  cases  would  be  much  greater  than  in  those  where  a 
compensation  method  was  used.  L.  L. 

ALTERNATING  CURRENTS   AND   MAGNETISM. 

239.  Ideal  or  Hysteresis-free  Magnetisation,  II.  W.  Steinhaus  and 
E.  Gumlich.  (Deutsch.  Phys.  Gesell.,  Verb.  17.  21.  pp.  869-8Q4,  Nov.  15, 
1915.  From  the  Ph3rsikal.-Techn.  Reich sanstalt.) — ^This  paper  is  the  second 
of  a  series  on  experimental  investigations  of  the  theory  of  ferromagnetism 
[see  Abs.  1759  (1915)].  An  ideal,  i,e,  hysteresis-free,  magnetisation  curve 
was  obtained  for  ellipsoidal  specimens  by  means  of  a  modified  magneto- 
metric  method.  The  specimens  were  88  cm.  long  and  0*6  cm.  in  diam.,  and 
included  soft  iron,  soft  steel,  hardened  steel,  cast  iron,  a  silicon  alloy,  and  a 
Heusler  alloy.  The  magnetising  coil  was  surrounded  by  another  coU  which 
was  employed  in  the  usual  way  to  remove  the  hysteresis  from  the  specimen 
by  means  of  a  diminishing  alternating  current,  while  a  given  small  field  was 
applied  by  the  magnetising  coil.  This  process  was  repeated  for  stronger  con- 
stant fields  in  the  magnetising  coil  after  the  usual  manner  of  magnetic  cycles. 
It  was  found  that  the  true  field,  H-NI,  was  practically  zero  for  values  of  4irl 
up  to  5000,  i.e,  the  initial  susceptibility  of  the  specimen  under  the  above  con- 
ditions was  infinite.  G.  E.  A. 
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240.  Variation  with  Temperature  of  the  Coercive  Force  oj  Steel  and  IronJ 
R.  Gans.  (Ann.  d.  Physik,  48.  4.  pp.  514-520,  Nov.  9, 1915.>— The  author  has 
measured  the  coercive  force  of  steel  and  soft  iron  over  the  temperature-range 
— 185°  to  700°  C.  The  experimental  results  for  steel  have  already  been  given 
[Abs.  1882  (1915)].  In  the  case  of  soft  iron  the  curve  co-ordinating  coercive ' 
force  and  temperature  shows  an  abrupt  change  between  400^  and  500°  C. 
similar  to  that  for  steel.  At  low  temperatures,  however,  like  Ni  [Abs.  161 
(1914)],  it  approaches  a  constant  value  (2*444  c.g.s.  units  at  —  185°C.).  The 
author  assumes  for  soft  iron  two  Curie  temperatures  of  loss  of  ferromag- 
netism,  viz.  929°  abs.  when  the  iron  is  t>elow  400°  C,  and  1068°  abs.  when 
above  500°  C.  For  each  range,  the  experimental  results  can  then  be  repre- 
sented by  the  formula  C/Co  =  8L(x)/4?,  where  L(jr)  =  coth^  —  IJx  and 
T/e  s=  L(x).  In  this  Co  is  the  coercivity  at  absolute  zero  (2-468),  C  the 
coercivity  at  absolute  temperature  T,  and  8  the  corresponding  Curie  tem- 
perature. According  to  the  theory  of  Weiss  the  ratio  of  the  moments  of  the 
elementary  magnets  in  the  two  conditions  will  be  ^{OilOt)  (=  1*070).  The 
measurements  of  Onnes  and  Weiss  ascribe  11  magnetons  to  the  molecular 
magnet  at  low  temperatures.  It  would  thus  appear  that  for  temperatures 
above  500°  C,  the  molecular  moment  being  11  x  1*070  (=  11*77),  there  are 
approximately  12  magnetons.  The  abrupt  change  in  the  curve  between 
400°  and  500^  C.  is  thus  characterised  by  the  transformation  of  the  11  mag- 
netons in  the  molecular  magnet  to  12.  L.  L. 

241.  Magnetic  Transformation  of  Cementite.  K.  Honda  and  H.  Takagi. 
(Iron  and  Steel  Inst.,  J.  92.  pp.  181-189,  1915.  Tohoku  Univ.,  Sci.  Reports, 
4.  8.  pp.  161-167,  and  pp.  261-269,  1915.  Engineering,  100.  pp.  665-667, 
Dec.  81,  1915.)— Previous  work  on  this  point  [see  Abs.  515,  516  (1918)]  is 
supplemented  by  the  present  paper.  Specimens  of  white  pig-iron  of  carbon 
content  up  to  4*15  %  were  studied  by  means  of  the  magnetometric  method, 
and  also  thermally.  For  the  latter  purpose,  the  Roberts-Austen  differential 
method  was  used  in  which  thermo-couples  were  connected  to  the  specimens 
and  to  a  copper  neutral  piece  surrounding  the  specimen.  The  specimens  had 
dimensions  25  X  5  x  5  mm.  and  were  tested  magnetically  in  a  field  of 
158  c.g.s.  The  results  are  illustrated  by  means  of  intensity-temperature  and 
cooling  curves.  The  critical  temperature  of  cementite  is  given  as  220^  C, 
a  little  below  the  value  found  by  S.  W. }.  Smith.  The  cooling  curves  show  evolu- 
tion of  heat  between  160°  and  210°  C. ;  the  amount  of  heat  evolved  increases 
with  the  carbon-content  in  general.  These  facts  are  in  harmony  with  the  view 
that  the  heat  evolution  is  due  to  the  magnetic  transformation  of  cementite. 
Photomicrographs  are  appended.  The  paper  concludes  with  a  note  on  the 
A8  transformation  in  pure  iron  as  studied  in  four  specimens  of  pure  material 
tested  magnetically  in  a  nitrogen  atmosphere.  The  susceptibility-temperature 
curves  obtained  afford  data  unfavourable  to  the  magneton  theory.      G.  E.  A^ 

242.  Some  Problems  of  Electromagnetic  Induction,  G.  W.  O.  Howe. 
(Electrician,  76.  pp.  169-172,  Nov.  5,  1915.) — The  question  is  often  raised 
whether  when  a  cylindrical  bar  magnet  is  rotated  about  its  axis  the  magnetic 
field  rotates  with  it.  This  problem  is  examined  with  reference  to  an  arrange- 
ment in  which  a  shaft  supports  a  circular  metal  disc  rigidly  fixed  to  it  and  is 
mounted  coaxially  with  a  magnetising  coil.  If  the  coil  is  stationary  and  the 
shaft  with  the  disc  be  rotated,  the  arrangement  is  similar  to  the  Lorenz 
apparatus,  and  an  e.m.f.  will  be  induced  radially  to  the  disc.  It  is  not  correct 
to  reason  that  if  the  shaft  be  kept  at  rest  and  the  coil  rotated  about  its  axis 
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the  relative  motion  is  the  same  and  therefore  the  same  e.m.f.  will  be  induced. 
When  the  disc  is  rotated  current  may  be  taken  off  it  by  means  of  brushes 
touching  its  centre  and  periphery.  The  torque  exerted  is  not  produced 
between  the  disc  and  the  magnetising  coil,  but  acts  between  the  disc  and  the 
external  circuit  connected  to  the  brushes.  Turning  to  the  case  of  unipolar 
induction  in  a  circuit  connected  to  the  end  and  centre  of  a  straight  bar 
magnet  rotating  about  its  axis,  the  e.m.f  induced  is  localised  in  the  material 
of  the  bar  magnet  and  not,  as  often  supposed,  in  the  stationary  circuit  If 
the  magnet  be  rotated  without  connecting  up  the  external  circuit  electric 
charges  will  be  collected  at  the  middle  and  the  two  ends,  and  there  will  be  an 
external  electric  field  produced  by  these  charges.  A  long  metal  cylinder 
rotated  about  its  axis  in  a  uniform  field  parallel  to  its  axis  will  become 
electrically  charged  on  its  inner  and  outer  surfaces.  Poincare  [Abs.  1487 
(1900)]  has  discussed  the  case  of  an  ebonite  ring  rotated  about  its  axis 
between  two  metal  rings,  a  bar  magnet  being  held  along  the  axis  of  rotation 
with  one  of  its  poles  at  the  centre  of  the  ebonite  ring.  When  the  rotation 
takes  place  the  metal  rings  on  either  side  of  the  ebonite  become  charged  with 
equal  and  opposite  electric  charges.  The  writer  argues  that  Poincare  was 
wrong  in  supposing  that  the  potential  undergoes  a  sudden  jump  in  value 
at  the  surface  of  the  ebonite,  and  states  that  the  potential  gradient  is  a 
gradual  one  through  the  thickness  of  the  ebonite.  With  regard  to  the 
question  whether  the  induction  of  e.m.f.  should  be  considered  as  due  to  the 
cutting  of  lines  of  force  or  to  the  change  of  flux  through  a  circuit,  it  is  pointed 
out  that  when  the  field  is  stationary  and  the  conductor  is  moved,  the  two 
conceptions  agree,  but  that  when  the  magnetic  field  is  changing  we  must 
adopt  the  second  point  of  view.  £.  A.  Biedermann.  (Ibid.  pp.  208-209, 
Nov.  12,  1916.)  W.  T.  Maccall.  (Ibid.  pp.  209-210,  Nov.  12,  1916.) 
G.  W.  O.  Howe.    (Ibid.  p.  210,  Nov.  12,  1916.)  A.  J.  M. 

243.  Magneto-chemistry  of  Copper  Salts  and  the  Magneton  Theory.  B. 
Cabrera  and  £.  Moles.  (Archives  des  Sciences,  40.  pp.  284-290,  Oct., 
1916.)— The  results  of  Koenigsberger  ;[Abs.  824  (1899)]  confirm  Wiedemann's 
law  for  solutions  of  copper  sulphate,  whereas  those  obtained  by  Liebknecht 
and  Wills  with  solutions  of  cupric  chloride,  bromide,  sulphate,  and  nitrate 
[Abs.  628  (1900)]  lead  to  fractional  numbers  of  magnetons.  In  the  case 
of  copper  sulphate,  Meslin's  measurements  indicate  a  diminution  of  the 
susceptibility  on  dilution  [Abs.  784  (1906)]),  and  Cheneveau  also  found  a 
slight  variation  [Abs.  616  (1910)].  The  results  of  the  authors*  measure- 
ments of  the  susceptibilities  of  solutions  of  cupric  sulphate,  chloride,  and 
nitrate  reveal  a  distinct  variation  with  the  concentration  of  the  solutions,  but 
this  is  in  the  opposite  sense  to  that  observed  by  Meslin  and  by  Cheneveau. 
As  regards  the  number  of  magnetons,  n,  no  tendency  towards  an  integral 
value  is  observable,  and  it  is  assumed  that  the  susceptibility  of  the  dissolved 
salt  is  influenced  by  the  extent  of  its  dissociation,  a.  Curie's  constant 
should,  therefore,  be  a  function  of  a  and  should  approach  its  true  value  for 
the  kathion,  Cu++,  as  a  approaches  unity.  The  values  of  a  determined 
(1)  by  Pickering  from  cryoscopic  measurements,  and  (2)  by  Arrhenius  from 
conductivity  measurements  give  for  n  the  values  (1)  9*90  and  (2)  9*98,  which 
indicate  that  the  kathion,  Cu+-i',  contains  10  magnetons.  The  sense  in 
which  these  values  differ  from  10  is  explainable  on  the  assumption,  whicb 
is  almost  certainly  correct,  that  dissociation  of  copper  sulphate  yields  com- 
plexes of  the  type  CutSOi-*"*-,  as  well  as  the  simple  ions,  This  reasoning 
is  not  applicable  to  the  cases  of  cupric  chloride  and  nitrate,  since  with  these 
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there  are,  very  large  proportions  of  the  ions,  ClCu++  and  {NOs),Cu+,  apart 
from  complexes  of  the  type  just  mentioned.  Measurements  are  now  being 
made  for  dilutions  greater  than  those  permitted  by  Quincke's  method. 

T.  H.  P. 

244.  Effect  of  Electric  Oscillations  on  Magnetic  Properties  of  Iron  investigated 
by  the  Campograph.  J.  A.  Fleming  and  P.  R  Coursey.  (Phys.  Soc.,  Proc. 
28.  pp.  86-49 ;  Disc.,  49.  Dec.,  1916.)— The  author  has  previously  described  an 
instrument  for  photographing  and  delineating  physical  curves.  This  campo* 
graph,  as  the  author  terms  it,  has  been  improved,  and  results  obtained  by 
using  it  to  investigate  the  effect  of  electric  oscillations  on  the  magnetic 
behaviour  of  iron  are  here  given.  For  a  complete  comprehension  of  the 
paper  the  numerous  curves  reproduced  in  it  have  to  be  referred  to ;  it  is  only 
possible  here  to  reproduce  the  author's  convenient  summary,  as  follows : — 

(1)  When  an  iron  wire  is  taken  slowly  through  a  magnetic  cycle  and  a 
superposed  high-frequency  magnetising  force  is  also  applied,  then,  if  the  max. 
value  of  the  slowly  periodic  longitudinal  magnetic  force  does  not  exceed  a 
certain  value,  the  efFect  of  the  oscillations  is  to  increase  the  area  of  the  hys- 
teresis loop  and  also  the  magnetisation  at  the  ends  of  the  cycle.  (2)  If  the 
slowly  periodic  force  has  a  large  max.  value  then  the  hysteresis  loop  is 
diminished  in  area,  but  the  max.  magnetisation  remains  unaltered.  (8)  The 
increase  in  area  of  the  hysteresis  loop  is  generally  less  for  high-frequency 
than  for  low-frequency  oscillations.  (4)  If  oscillatory  currents  are  passed 
along  the  iron  wire  whilst  at  the  same  time  the  iron  is  taken  slowly  through 
a  longitudinal  magnetic  cycle  with  continuous  current,  then  when  the  Oscil- 
latory current  has  a  small  r.m.s.  value  the  effects  are  generally  similar  to  those 
produced  by  longitudinal  oscillatory  magnetic  forces.  If  the  oscillatory 
current  is  relatively  large,  then  their  effect  is  to  reduce  the  hysteresis  and 
magnetisation  at  the  ends  of  the  cycle.  This  last  action  is  due  to  the  icircular 
magnetisation  produced  by  the  longitudinal  current,  which  grips  the  magnetic 
molecules  of  the  iron,  and  prevents  their  longitudinal  colineation  and  reduces 
also  the  h3rsteresis.  (6)  The  effect  of  superimposing  on  a  steady  feeble  longi- 
tudinal magnetic  force  an  alternating  magnetic  force  either  by  undamped  or 
damped  oscillations  is  greatly  to  increase  the  permeability  at  the  ends  of  the 
cycle,  provided  the  oscillatory  force  does  not  exceed  a  certain  value.  Beyond 
that  a  diminution  sets  in.  L.  H.  W. 

246.  New  Method  of  Measurement  for  Study  of  Paramagnetic  Substances  in 
very  Dilute  Solution.  A.  Piccard  and  E.  Cherbuliez.  (Archives  des. 
Sciences,  40.  pp.  842-844,  Oct.,  1915.  Paper  read  before  the  Soc.  Suisse  dc 
Physique.)— The  following  method  admits  of  the  investigation  of  solutions 
10-100  times  more  dilute  than  those  capable  of  measurement  by  the  old 
method.  A  circular  tube  contains  in  its  lower  half  the  solution  to  be 
examined,  and  in  its  upper  half  the  pure  solvent.  The  part  of  the  tube 
containing  one  of  the  two  horizontal  surfaces  of  separation  is  placed  between 
the  poles  of  an  electromagnet,  while  the  part  containing  the  other  surface  of 
separation  is  attached  to  a  cathetometer  so  as  to  be  movable  vertically.  The 
circulation  of  the  liquid  is  rendered  visible  by  means  of  a  microscope  directed 
towards  small  solid  bodies  floating  in  the  liquid  at  a  position  where  the  tube 
is  capillary.  The  position  of  the  movable  tube  is  adjusted  until  the  liquid  is 
motionless.  This  operation,  which  occupies  less  than  a  minute,  is  repeated 
several  times  with  the  magnet  excited  and  not  excited.  The  difference 
VOL.  XIX.— A.— 1916.  G  r^  T 

Digitized  by  VjOOQ IC 


82  SCIENCE  ABStRACTS. 

between  the  two  heights  represents  the  magnetic  ascension  of  the  solotion 
with  relation  to  the  solvent.  If  the  intensity  of  the  field,  the  densities  of  the 
two  liqaids,  the  coefficient  of  magnetisation  of  the  solvent,  and  the  concentra- 
tion of  the  solution  are  known,  the  coefficient  of  magnetisation  of  the  dis- 
solved substance  is  readily  calculable.  The  method  is  found  to  give  good 
results.  T.  H.  P. 

M6*  Sun-spots  and  Terrestrial  Magnetic  Disturbances.  A.  L.  Cortie. 
(Roy.  Astron.  Soc*,  M.N.  76.  pp.  lft-18,  Nov.,  1916.)— A  compilation  has  been 
made  of  the  magnetic  disturbances  recorded  at  Stonyhurst  for  the  period 
1889-1918,  including  three  solar  minima,  1889*6, 1901*7,  and  1918*4,  and  two 
solar  maiima,  1894*1  and  1906*4.  The  total  number  of  disturbances  was 
Q028,  376  being  given  as  great,  and  29  as  very  great.  In  discussing  these  in 
relation  to  sun-spot  activity,  use  is  made  of  well-known  graphical  presenta- 
tions of  spot  areas  or  numbers.  Tables  are  given  showing  that  magnetic  dis* 
turbances  are  relatively  more  numerous  when  the  sun-spot  area  is  decreasing 
than  when  it  is  increasing.  Numbers  are  then  determined  representing  the 
relation  between  mean  yearly  number  of  magnetic  disturbances  and  mean  daily 
disG^area  of  spots,  and  it  is  shown  that  these  appear  to  depend  on  the  position 
of  the  spots,  those  nearer  the  equator  being  most  effective.  An  example  of 
the  combined  effect  of  great  disturbance  and  favourable  portion  with  respect 
to  the  earth  occurred  in  the  case  of  the  sun-spot  which  appeared  from 
1916,  June  12  to  21.  This  was  also  notable  in  being  very  near  the  solar 
equator,  and  the  spectroheliographic  records  show  evidence  of  great  per-* 
turbations.  The  greatest  magnetic  storm  of  the  present  cycle  occurred  on 
June  17,  accompanied  by  brilliant  aurom.  C.  Pi  B. 

247.  GalvanO'  and  Thermomagnetic  Effects.  T.  Huerlingen  (Ann.  d* 
Physik,  4a  1.  pp.  84-97,  Sept.  28,  1916.)— The  author  deals  mainly  with  the 
recent  work  of  ziaihn  [Abs.  1886  (1916)],  and  as  a  result  of  his  own  theoretical 
investigation  he  considers  that  for  the  cause  of  the  difference  between  the 
d.c.  and  a.c.  values  of  the  Hall  coefficient  a  different  explanation  from  that 
given  by  Zahn  must  be  sought  L.  H.  W. 


RADIOGRAPHY  AND  ELECTROPHYSIOLOGY. 

S46.  X-ray  Apparatus  to  give  the  Best  Form  of  Discharge.  B.  Winaw^i*. 
(Phys.  Zeits.  16.  pp.  891-896,  Nov.  1, 1916.)— With  the  recent  rapid  develop- 
ments  in  the  production  and  application  of  high-tension  currents,  it  is 
becoming  of  increasing  importance  to  realise  what  are  the  chief  require- 
ments of  an  X-ray  tube  to  which  such  currents  are  supplied.  It  is  important 
to  know  how  such  characteristics  as  "  range  of  penetrating  power,"  "  quality  " 
and  "quantity"  of  the  X^radiation  can  be  varied,  and  what  sources  of  the 
current  supply  of  the  X-ray  tube  are  most  desirable.  From  a  consideration 
of  the  work  of  Carter,  Seitz,  Whiddington,  and  others  [see  Abs.  291  (1907)], 
the  author  builds  up  a  theory  which  he  verifies  by  experimental  observation. 
Two  conditions  which  the  source  of  current  must  satisfy  are  stated  :  (a)  The 
most  suitable  source  of  current  is  that  which  gives  a  definite  permissible  load 
with  the  smallest  possible  number  of  short-duration  current  impulses.  (6)  Of 
two  different  sources  of  current,  the  more  suitable  for  use  with  an  X-ray  tube 
is  that  which  for  a  given  load,  produces  the  greater  heating  of  the  anti- 
kathode.  A.  B.  W. 
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S49.  New  Method  of  Surgical  Radioscopy  using  Red  Light.  J.  Bergoni6. 
Comptes  Rendus,  161.  pp.  688-686,  Nov.  29,  I915.)*-It  is  first  shown  that  the 
two  methods  which  have  been  most  extensively  used  up  to  the  present  are 
defective,  and  it  is  claimed  that  the  new  method  removes  these  objections. 
Operations  are  carried  out  in  a  black  chamber,  the  field  of  operation  being 
lighted  by  an  intense  and  saturated  red  light,  which  comes  from  a  spectro- 
scopically  analysed  source,  and  gives  neither  green  nor  yellow  rays  such  as 
are  emitted  by  a  fluorescent  screen  when  Rontgen  rays  impinge  on  it.  The 
method  of  using  the  radioscope  in  conjunction  with  this  red  light  is  described, 
as  well  as  the  way  in  which  a  satisfactory  red  light  has  been  produced.  In 
practice  it  has  been  proved  that  the  duration  of  each  exposure  to  R5ntgen 
rays* scarcely  exceeds  80  sees.,  and  that  the  number  of  such  exposures 
depends  upon  the  case  .in  point.  It  is  noted,  among  other  things,  that  in 
monochromatic  red  light  arterial  blood  is  hardly  tinted,  while  venous  blood 
is  markedly  different,  and  the  slightest  commencement  of  asphyxia  makes 
itself  known  by  an  ahnost  black  colouration.  A.  E.  G. 

ftOO.  Role  of  the  X-ray  Tube  in  X-ray  Technique*  P.  Ludewig.  (Phys. 
Zeits.  16.  pp.  488-450,  Dec.  1,  1916.) — Employing  the  experimental  observa- 
tions of  H.  Krdncke  (Dissertation,  Gottingen,  1918)  on  the  statical  charac* 
teristics  of  X-ray  tubes  of  different  grades  of  hardness,  the  author  sets  forth 
a  theory  which  involves  the  acceptance  of  the  following  conditions :  (1)  That 
hysteresis  exists  in  a  Rdntgen«tut>e  as  in  an  electric  arc ;  (2)  that  the  hardness 
of  the  X«radiation  is  proportional  at  any  instant  to  the  p.d.  across  the  tube ; 
(8)  that  the  high«tension  voltage  curve  consists  of  a  series  of  single  short 
impulses. 

Applying  the  theory  suggested,  several  difficulties  encountered  in  actual 
X-ray  practice  are  removed,  and  a  new  solution  is  given  to  the  problem  of 
the  production  of  very  hard  X-rays.  A.  B.  W. 

251.  Radiological  Sextant.  Loro.  (Archives  d'  El.  M6dicale,  28.  pp.  887- 
840,  Nov.,  1916.)— This  apparatus,  which  is  easy  to  construct,  takes  up  little 
room,  and  can  be  readily  packed  for  transport,  enables  the  surgeon  to  avoid 
all  calculations  and  geometrical  constructions.  A  diagram  shows  the  essen- 
tial parts,  and  a  detailed  description  of  the  method  of  employing  it  in  the 
operating  theatre  is  given.    [See  also  Abs.  1770  (1916).]  A.  E.  G. 

262.  New  Radioscopic  Method  of  Searching  for  Foreign  Bodies.  R.  X^douz- 
Lebard  and  Dauvillier.  (Comptes  Rendus,  161.  pp.  676-677,  Nov.  8, 
1916.)— The  principle  of  the  method  is  as  follows  :  A  ball  C  situated  in  the 
body  will  give  on  the  fluorescent  screen  two  images  c'  and  c".  Now  if  a 
probe  is  introduced  into  the  tissues  its  extremity  will  furnish  two  images 
which  can  only  coincide  with  c'  and  d'  if  the  point  of  the  probe  coincides 
with  C.  It  is  evident  that  if  the  point  is  between  C  and  the  screen,  the  dis- 
tance between  its  two  images  will  be  less  than  d  d\  and  if  the  point  lies 
between  the  bulb  and  C  the  distance  between  its  images  will  be  greater  than 
d  d\    In  order  to  obtain  a  satisfactory  image  a  diaphragm  is  employed. 

A,  E.  Q, 
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5253,  Periodic  System  of  the  Elements.  K.  Fajans.  (Phys.  Zeits.  Id. 
pp.  466-480,  Dec.  15, 1916.) — ^A  comprehensive  Purvey  of  recent  work  in  this 
connection— in  particular,  the  classification  of  the  radio-active  elements. 
The  paper  is  divided  into  the  following  sections  and  subsections : — I. 
Important  information  on  the  relation  between  the  chemical  elements. 
II.  Atomic  weights  of  the  radio-elements.  III.  Chemical  properties  of  the 
radio-elements,  (A)  In  general,  (B)  Polonium  [RaF],  (C)  Actinium  [Ac],  (D) 
Chemically  inseparable  elements :  Rad.Th-Th,  lo-Th,  UrXi-Th,  ThX-Ra, 
AcX-Ra,  MsThi-Ra,  RaD-Pb,  Uri-Uri.  IV.  PUce  of  the  radio-elements  on 
the  periodic  system.  V.  "Displacement"  theories  (theories  of  v.  Lerch, 
Lucas,  V.  Hevesy,  Soddy,  Russell,  etc.,  on  the  shift  of  position  of  a  product 
in  the  periodic  table,  on  emission  of  an  a-  or  /3-particle).  VI.  Atomic  weight 
and  **  Life"  of  isotopes.  VII.  End  products  of  the  disintegration-series  and 
the  isotopes  of  lead  (Ur-lead,  thorium-lead,  ordinary  lead,  also  ionium  and 
thorium).  VIII.  Structure  of  the  atom.  IX.  Properties  of  isotopic  elements  : 
(1)  theoretical  discussion,  (2)  radio-active  properties,  (8)  X-ray  and  y-ray 
spectra,  (4)  ultra-violet  and  visible  spectrum,  (6)  atomic-volume  and  density, 
(6)  solubility  of  salts,  (7)  electro-chemical  potential,  (8)  diffusion,  (9)  viscosity, 
(lO)  magnetic  properties.  X.  The  present  system  of  elements :  (1)  atomic 
number  and  nuclear  charge  of  the  elements,  (2)  anomalies  of  the  periodic 
system,  (8)  rare  earths,  (4)  eighth  group,  (6)  number  of  elements,  (6)  helium 
and  hydrogen  as  the  fundamental  units  of  the  elements  and  the  transmutation 
of  the  latter,  (7)  arrangement  of  systems  of  elements. 

The  original  paper  should  be  consulted  as  a  short  abstract  is  impossible. 

A.B.W. 

264.  Molecular  Attraction.  XII.  J.  £.  Mills.  (J.  Phys.  Chem.  19. 
pp.  660-659,  Nov.,  1916.)— When  P  represents  the  total  pressure,  that  is,  the 
numerical  sum  of  the  external  and  internal  pressures,  it  is  found  t!hat  the 
relation,  dPIP  =s  rfT/T  [see  Abs.  770  (1915)],  holds  very  approximately  over 
such  a  wide  range  of  conditions  as  to  suggest  that  it  may  always  be  true  for 
constant-volume  and  for  phase-change  equilibrium  conditions.  The  relation- 
ships between  several  of  the  deductions  made  in  the  previous  paper  are  dis- 
cussed and  the  following  further  relation  derived  :  The  amount  of  energy 
retained  by  a  system  of  n-particles  forming  a  stable  system  under  the  action 
of  the  molecular  attractive  force  is  equal  to  the  amount  of  energy  given  out 
by  these  particles  in  coming  into  the  system  from  an  infinite  distance  apart. 
The  effect  of  temperature  on  this  relation  is  not  yet  understood.        T.  H.  P. 

266.  Electrical  Synthesis  of  Colloids.  H.  T.  Beans  and  H.  £.  Eastlack. 
(Am.  Chem.  Soc.,  J.  87.  pp.  2667-2688,  Dec.,  1916.)— The  specific  conductivity 
due  to  the  colloid  proper  of  metallic  hydrosols  of  average  concentration  is 
of  the  order  of  lO^''  mhos  or  about  0*0001  of  that  of  conductivity  water. 
There  is,  however,  a  further  conductivity  due  to  the  formation  of  electrolyte, 
by  "  oxidation "  of  the  metal,  whereby  the  metal  enters  the  liquid  as  ion, 
instead  of  as  colloidal  metal.  This  ''oxidation"  is  much  more  marked  in  the 
electrical  dispersion  of  Pt  in  water  than  in  the  case  of  Au ;  and  electrically 
vou  wx.— A.— 1916. 
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prepared  colloidal  Pt  (in  water  of  conductivity  1*2  x  KM  mhos)  is  much 
more  stable  than  similar  gold  sols ;  the  conductivity  of  the  free  electrolyte 
in  the  Pt  sols  is  about  OOOOl  to  0*0008  N. 

The  stability  of  the  gold  sols  can  be  increased  by  preparing  them  in 
presence  of  chloride,  bromide,  iodide,  or  hydroxide  of  concentration  from 
0*00005  to  0006  N,  but  fluoride,  nitrate,  sulphate,  and  chloride  do  not 
produce  this  effect.  It  is,  moreover,  of  no  value  to  prepare  the  colloid  in 
pure  water  and  to  add  the  electrolyte  afterwards.  The  stabilising  effect 
seems  to  be  closely  related  to  the  ability  of  the  ion  to  form  stable  compounds 
with  gold.  No  Au,  however,  could  be  detected  in  the  filtrate  obtained  after 
coagulation  of  the  sol.  The  amount  of  Au  compound  necessary  to  stabilise 
the  colloid  is  probably  extremely  minute. 

Electrical  synthesis  of  colloids  is  considered  to  consist  of  a  therino- 
mechanical  dispersion  of  the  metal  which  is  followed  by  the  formation  of  a 
colloidal  complex  between  the  dispersed  metal  and  certain  ions  present  in 
the  medium.  T.  M.  L. 

266.  Properties  of  some  Ni-Al  and  Cu-Ni-Al  Alloys,  A.  A.  Read  and 
R.  H.  Greaves.  (Inst  of  Metals,  J.  18.  pp.  100-150  ;  Disc,  151-159, 1916. 
Mech.  Eng.  85.  pp.  880-883,  May  14,  and  pp.  412-418,  May  21,  1916- 
Abstract.) 

267.  Hardening  and  Tempering  High-speed  Tool-sUeU  C  A.  Edwards 
and  H.  Kikkawa.  (Iron  and  Steel  Inst.,  J.  92.  pp.  6>80  ;  Disc,  81-46, 1915. 
Engineering,  100.  pp.  849-852,  Oct.  1, 1915.) 

268.  Occurrence  and  Influence  of  Nitrogen  on  Iron  and  Steel  N.  Tsch- 
ischewski.  (Iron  and  Steel  Inst.,  J.  92.  pp.  47-97  ;  Disc,  98^105, 1915.)— 
The  subjects  of  this  paper  have  already  been  dealt  with  in  Abs.  605, 606  (1915). 

F.  C.  A.  H.  L. 

269.  Phosphorus  in  Iron  and  Steel.  W.  H.  Hatfield.  (Iron  and  Steel 
Inst,  J.  92.  pp.  122-184 ;  Disc,  186-140,  1915.  Engineering,  101.  pp.  19-21, 
Jan.  7, 1916.) — ^The  experiments  were  made  on  a  series  of  specially  prepared 
high-carbon  alloys  (white  irons)  with  phosphorus  contents  ranging  from 
0*046  to  0*885^.  The  author's  main  conclusions  are  as  follows  : — (1)  Phos- 
phorus may  be  present  up  to  0*20  %  in  such  alloys  as  those  which  form  the 
subject  of  the  experiments  without  unduly  modifying  the  physical  properties 
of  the  heat-treated  material.  (2)  It  would  appear  that  about  025  %  of 
phosphorus  is  necessary  in  the  heat-treated  condition  before  free  phosphide 
is  microscopically  observable.  A  consideration  of  the  experiments  will  make 
it  clear  that  this  percentage  is  the  maximum  that  can  be  taken  into  solution 
in  an  iron-carbon  alloy  in  the  region  of  Arl  to  900°  C.  when  an  excess  of 
carbon  is  present.  L.  H.  W. 

260.  An  Acid-resisting  Alloy  to  replace  Platinum  in  Construction  of  a  Bamh 
Calorimeter.  S.  W.  Parr.  (Am.Chem.  Soc,  J.  87.  pp.  2516-2522,  Nov.,  1915.) 
— In  the  calorimetric  combustion  of  coal  from  certain  sources  considerable 
quantities  of  nitric  and  sulphuric  acids  are  .produced,  and  if  the  metal  of 
which  the  bomb  is  made  is  attacked  by  acid  a  twofold  error  arises  in  the 
results  in  that  the  heat  credited  to  the  fuel  is  increased  by  the  heat  of 
solution  of  the  metal  in  the  acid  and,  further,  in  that  the  determination  of  the 
acid  b  too  low.  The  author  has  carried  out  a  large  number  of  experiments 
vou  XIX.— A.— 1916, 
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with  tht  object  of  finding  a  suitable  substitute  for  Pt  in  the  construction  of  a 
bomb  calorimeter.  Arranging  the  elements  in  electrochemical  sequence  and 
considering  hydrogen  as  the  dividing  line  between  electro-positive  and  electro- 
negative metals,  Cr,  V,  W,  and  Mo  are  found  to  be  electro*negative  whilst  Co, 
Ni,  and  Fe  are  electro-positive.  An  attempt  was  made  to  alloy  these  two 
series  of  metals  so  that  the  ionisation  tendency  almost  vanished.  In  this 
direction  success  was  obtained  with  an  alloy  containing  80  %  Ni  and  90  % 
Cr,  but  the  alloy  was  difficult  to  cast.  These  difficulties  were  surmounted  by 
the  addition  of  Cu  and  W,  and  finally  the  alloy  having  the  composition 
Cu  6*42,  Mn  0*08,  Si  1*04,  W  212,  Ni  60*66,  Al  1*09,  Fe  0*76,  Cr  21*07,  and 
Mo  4*67  %  was  arrived  at  and  given  the  name  Illium.  A  temperature  of 
about  1600°  C.  is  required  for  casting,  and  in  the  cast  condition  it  has  a 
tensile  strength  of  60,000  to  66,000  lbs.  per  sq.  in.  After  24  hours'  immersion 
in  26  %  nitric  acid  no  loss  in  weight  was  observed.  The  presence  of  Mo 
increases  the  resistivity  to  acids,  but  makes  the  alloy  more  brittle,  and  by 
omitting  the  Mo  an  alloy  is  obtained  which  can  be  drawn  into  wire,  in  which 
form  it  has  a  tensile  strength  of  at>out  124,000  lbs,  per  sq.  in.     F.  C.  A.  H.  L. 

ft61.  Liquid  function  Potentials,  D.  A.  Maclnnes.  (Am.  Chem.  Soc., 
].  87.  pp.  2801*2807,  Oct,  1016.)— The  probable  value  of  the  e.m.f.,  El,  of  the 
liquid  junction  connecting  differently  concentrated  solutions  of  the  same  salt, 
may  be  expressed  by  the  equations  El  s  E(2n« — 1)/2  and  El  »  E|(l  —  l/2n«), 
in  which  E  is  the  voltage  of  a  concentration  cell  without  transference,  and  £^ 
that  of  the  concentration  cell  with  transference,  each  of  the  latter  containing 
the  solutions  which  are  in  contact  at  the  liquid  junction*  These  formulae  are 
in  accord  with  the  most  accurate  work  on  the  potentials  of  concentration 
cells.  By  combining  junctions  to  which  the  above  equations  apply  with 
junctions  the  voltage  of  which  may  be  computed  by  Lewis  and  Sargent's 
formula,  the  potential  between  any  two  uni-univalent  salt  solutions  may  be 
calculated  to  a  few  tenths  of  a  millivolt.  T.  M.  L. 

262.  Influence  of  the  Metallic  Ion  in  Solutions  upon  the  P.D.'s  between  the 
Solutions  and  a  Metallic  Electrode.  F.  K.  Finney.  (Phys.  Rev.  6.  pp.  400- 
408,  Nov.,  1916.)— The  metals  can  t>e  arranged  in  a  series  in  the  order  in 
which  the  presence  of  their  ions  in  a  water  solution  a£Fects  the  solution 
tension  of  a  metal  when  pUced  in  the  solution.  This  series  is  the  same  as 
the  contact  e.mi.  series ;  that  is,  if  tK>th  electrodes  be  of  the  same  metal,  the 
electrode  in  the  solution  which  contains  the  more  electropositive  ion  has  the 
higher  solution  tension  and  accordingly  corresponds  to  the  zinc  electrode,  while 
the  electrode  in  the  solution  which  contains  the  less  electropositive  ion  corre- 
sponds to  the  copper  of  the  ordinary  Daniell  cell.  The  order  of  this  arrange- 
ment of  the  metals  was  determined  as  follows ;  K,  Na,  ammonium,  Ba,  Ca, 
Zn,  Ni,  hydrogen,  Cu,  and  ferric  iron.  The  results  of  the  investigation  indi- 
cate that,  in  accordance  with  Sanford's  hypothesis,  the  solution  of  any  of  the 
electrolytes  used  decreases  the  specific  inductive  capacity  of  the  water,  but 
the  more  electropositive  an  ion  the  less  is  the  decrease  caused  by  it 

T.  M.  L. 

263.  Potentials  of  Calomel  and  Hydrogen  Electrodes.  N.  £.  Loomis. 
(J.  Phys.  Chem.  19.  pp.  660-664,  Nov.,  1916.)— Recent  results  obtained  by 
various  investigators  point  to  a  lower  value  for  the  potential  of  the  deci- 
normal  calomel  electrode  than  that  adopted  by  Loomis  and  Acree  in  their 
calculations  [Abs.  414,  416  (1912)],  the  true  value  lyin^  probably  between 
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0*886  and  0*887  volt  On  the  basis  of  the  former  of  these  two  figures,  Loomis 
and  Acree's  values  for  the  potential  of  the  hydrogen  electrode  have  now  been 
recalculated.  The  experiments  with  both  aniline  hydrochloride  and  acetic 
add  show  that  the  e.mi.  method  gives  results  in  closer  concordance  with 
those  obtained  by  other  methods  when  the  value  0*886  volt  is  taken  instead 
of  a  higher  value  for  the  potential  of  the  decinormal  calomel  electrode. 

T.  H.  P. 

264.  Distribution  of  the  Current  in  an  Electrolyte  situate  in  a  Magnetic 
field.  A.  Righi.  (Accad.  Lincei,  Atti,  24.  pp.  1087-1098,  June  24,  1916.)-- 
Experimental  and  theoretical  investigation  of  the  effects  produced  by  the 
magnetic  field  on  the  movement  of  the  ions  and  electrons  in  a  gas  traversed  by 
a  current  showed  that  the  blows  of  these  on  the  walls  of  the  containing  tube 
give  a  resultant  tending  to  displace  the  tube  itself  [see  Abs.  181  (1914)]* 
Analogy  leads  to  the  hypothesis  that  the  ordinary  ponderomotive  force  pro- 
duced by  the  field  on  a  wire  traversed  by  a  current  is  the  resultant  of  the 
impacts  of  the  electrons,  to  the  motion  of  which  is  attributed  mainly  the 
propagation  of  electricity  in  metals.  When  applied  to  the  case  of  liquids, 
this  theory  leads  to  a  consequence  capable  of  experimental  verification.    Two 


•S      T 


plane,  vertical  electrodes  AB  and  CD,  the  former  the  positive,  are  assumed 
to  be  immersed  in  an  electrolyte.  In  the  absence  of  a  magnetic  field,  a 
positive  ion  P  acquires  after  an  impact  a  velocity  component  along  PQ,  while 
a  negative  ion  N  acquires  a  component  along  NR.  Under  the  influence  of  a 
magnetic  field  directed  perpendicularly  to  the  plane  of  the  figure,  for 
instance,  in  the  sense  indicated  by  the  arrows  F  (direction  of  the  circular 
current  to  which  the  field  may  be  attributed),  the  positive  ion  P  tends  to 
move  along  the  circular  arc  PS  and  the  negative  ion  N  along  NT.  Both  ions 
are,  therefore,  displaced  in  the  direction  from  BD  to  AC.  The  natural  diffu- 
sion will  tend  to  annul  the  variation  in  the  ionic  density  which  would  tend  to 
increase  continuously,  a  permanent  condition  being  reached  with  the  density 
of  the  ions  increasing  from  BD  to  AC.  That  this  displacement  of  the  current 
between  the  electrodes,  foreseen  by  theory,  actually  occurs,  is  shown 
experimentally  in  various  ways  described  in  the  original  paper.     T.  H.  P. 

265.  Electrical  Transference  in  Amalgams,  G.  N.  Lewis,  £.  Q.  Adams, 
and  S.  H.  Lanman.  (Am.  Chem.  Soc.,  }.  87.  pp.  2666-2662,  Dec,  1916.)— 
An  electric  current  passing  through  a  dilute  amalgam  of  sodium  or  potassium 
causes  a  transfer  of  the  dissolved  metal  in  the  direction  of  the  negative 
current  The  number  of  equivalents  carried  per  f araday  is  2*9  x  10^  in 
Na  amalgam  of  8*24  atom  %  and  0*29  x  10-*  in  Na  amalgam  of  0*677 
atom  %.    In  potassium  amalgam  of  2*16  atom  %  it  is  8*6  xlf^*    These 
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effects  are  associated  with  the  diminution  of  electrical  conductivity  which  is 
produced  by  adding  Na  or  K  to  Hg.  This  diminution  is  twice  as  great  in  dilute 
K  amalgams  as  in  dilute  Na  amalgam,  whilst  the  transference-number  is  also 
twice  as  great  for  K  as  for  Na.  It  is  suggested  that  Li  and  Ca,  which  increase 
the  conductivity  of  Hg,  might  perhaps  show  a  transference  in  the  opposite 
direction.  T.  M.  L. 

266.  Voltameter  with  an  Aluminium  Electrode,  E.  Freda.  (N.  Cimento, 
10.  pp.  169-2^,  Sept.-Oct.,  1015.)— A  brief  account  is  first  given  of  previous 
work  on  the  voltameter  with  an  electrode  of  Al  or  of  other  metal  showing 
analogous  electrolytic  behaviour.  The  hypotheses  and  theoretical  considera- 
tions which  have  been  advanced,  mainly  by  G.  Schulze,  to  explain  the 
phenomena  observed  are  discussed  and  various  modifications  suggested  on 
the  basis  of  the  authof  s  experimental  results.  A  complete  explanation  of 
the  behaviour  of  this  voltameter  necessitates  the  expansion  of  Schulze's 
theory  by  taking  into  account  the  phenomena  of  de-formation  due  to  inverse 
currents.  It  is  shown  that  the  reduction  of  the  layer  of  oxygen  coating  the 
formed  Al  electrode  by  means  of  inverse  currents  is  not  uniform,  as  Schulze 
assumed,  but  occurs  only  at  certain  points,  this  being  in  agreement  with 
Corbino  and  Maresca's  observation  [see  Abs.  292  (1907)].  The  influence  of 
the  phenomena  of  de-formation  in  the  behaviour-  of  the  voltameter  towards 
alternating  currents  is  established  and  the  conditions  necessary  for  a  good 
valve-effect  are  determined.  A  number  of  experiments  bearing  on  these 
points  are  described. 

Mathematical  determination  has  been  made  of  the  course  which  should  be 
followed  by  discharge  through  a  strong  inductance  of  the  voltameter  with  a 
formed  Al  electrode,  assuming  for  this  voltameter  Schulze's  second  model 
The  formulae  derived  lead  to  an  explanation  of  the  phenomenon  observed  by 
Corbino  and  Maresca,  when  a  strong  inductance  and  a  galvanometer  are 
included  in  the  discharge  circuit  of  the  aluminium  condenser.  These 
theoretical  deductions  are,  in  general,  in  good  accord  with  the  results 
obtained  by  the  experimental  investigation  of  the  discharge  by  means  of  a 
Braun  tube  and  a  rotating  mirror.  It  is  found  that  the  characteristic  course 
of  the  oscillatory  discharge  of  an  aluminium  condenser  is  not  influenced 
appreciably  by  electrolytic  polarisation  phenomena.  When  the  Al  is  replaced 
by  Zn,  discharge  of  the  volteimeter  through  a  strong  inductance  also  indicates 
the  existence  of  a  limiting  inverse  voltage. 

Comparison  of  the  form  which  should  theoretically  be  assumed  by  the 
discharge  current,  on  the  basis  of  Schulze's  first  model  with  the  experimental 
results,  shows  that  this  model  is  incapable  of  explaining  the  course  followed 
by  the  oscillatory  discharge  of  the  aluminium  condenser. 

The  electrolytic  conductivity  observed  by  Corbino  and  Maresca  for  the 
stratum  of  oxide  covering  a  formed  Al  electrode,  is  probably  a  property 
common  to  the  thin,  solid  coatings  deposited  during  formation  on  metals 
which  exhibit,  in  suitable  electrolytes,  behaviour  analogous  to  that  of 
aluminiunu  T.  H.  P. 
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GENERAL  PHYSICS. 

267.  Harmonic  Synthtsiser.  D.  C.  Miller.  (Fiank.  Inst.,  J.  181.  pp.  61-81, 
Jan.,  1916.) — Gives  a  foil  description,  with  numerous  diagrams  and  photo- 
graphs, of  a  82-element  harmonic  synthesiser.  The  machine  provides  for 
amplitudes  up  to  84  cm.  for  any  one  oi  the  first  six  components,  the  other  five 
amplitudes  not  exceeding  10  cm.  each  at  the  same  time.  The  instrument  is 
based  on  the  well-known  pin-and-slot  device,  and  is  easily  and  quickly 
manipulated.  A  10-component  curve,  for  example,  can  be  sjmthesised  in 
about  6  mins.,  while  the  machine  can  be  set  for  80  components  and  the  curve 
drawn  in  12  mins.  Numerous  examples  are  given  of  curves  drawn  by  the 
machine.  A.  W. 

268.  Model  visibly  representing  Gas  Molecules,  £.  F.  Northrup.  (Phys. 
Rev.  7.  p.  148,  Jan.,  1916.  Abstract  of  paper'*read  before  the  Am.  Phys. 
Soc.,  Oct.  80,  1915.)— Physical  apparatus  for  illustrating  the  main  principles 
of  the  kinetic  theory  of  gases.  Approximately  16,000  l/16th  inch  steel  balls  in 
a  cylindrical  glass  enclosure  are  maintained  in  motion  in  the  precise  manner 
in  which  the  molecules  of  a  gas  are  supposed  to  move.  The  apparatus 
enables  us  to  show  :  (1)  The  change  of  pressure  of  a  gas  at  constant  volume 
with  change  of  temperature,  (2)  the  change  of  volume  at  constant  pressure 
with  change  of  temperature,  (8)  the  viscosity  of  a  gas,  (4)  Brownian  motions 
in  liquids  and  gases,  (5)  the  relation  between  the  gas  pressure  and  the  number 
of  impacts,  at  a  given  temperature,  per  unit  time  per  unit  area.  A.  B.  W. 

260.  Comparison  of  a  Schdffer  and  Budenberg  Pressure-balance  with  the 
open  Standard  Gauge  of  the  Leiden  Physical  Laboratory  between  20  and 
100  Atmos,  C.  A.  Crommelin  and  £.  I.  Smid.  (K.  Akad.  Amsterdam, 
Proc.  18.  pp.  472-488,  Oct.  80, 1915.  Comm.  No.  146a  from  the  Phys.  Lab., 
Leiden.) — The  results  of  this  comparison,  made  through  the  intermediary  of 
closed  hydrogen  manometers,  are  as  follows : — ^The  functional  section  of  the 
pressure -balance  is  not  independent  of  the  pressure,  but  as  the  latter  increases 
from  20  atmos.  it  increases  to  a  maximum  at  about  70  atmos.,  and  then 
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diminishes  more  rapidly  as  far  as  the  comparison  was  carried ;  the  greatest 
deviation  is  00020  cm.'.  When  the  determinations  were  repeated,  the  same 
value  was  not  always  found  for  the  functional  section,  the  greatest  deviation 
in  this  case  being  about  0*0006.  The  functional  section  differs  from  the 
geometrical  section  as  given  by  SchafiFer  and  Budenberg  (1  sq.  cm.)  by  about 
00080  cm.'.  Thus  the  sensitivity  of  the  pressure-balance,  namely,  1  in 
10,000,  greatly  exceeds  its  accuracy,  and  if  the  latter  is  to  be  raised  to  the 
level  of  the  sensitiveness,  the  theory  of  the  instrument  must  be  developed  and 
means  found  to  obtain  constant  results  with  the  limi^  of  the  sensibility.  It  is 
probable  that  in  order  ^o  attain  such  accuracyi  a  pressure^balance  will  always 
have  to  be  compared,  either  directly  or  indirectly,  with  an  open  manometer. 
Pressures  measured  with  a  S^hSlffer  and  Budenberg  pressure-balance  which 
has  not  been  calibrated  cannot  at  present  be  estimated  as  more  accurate  than 
about  1  in  400,  provided  that  the  error  in  the  area  of  the  piston  is  not  larger 
than  0-1  %.  r  T.  H.  P. 

270.  Disiattce  between  Two  PardUd  Transparent  Plates,  C.  Barus. 
(Phys.  Rev.  7.  pp.  79-66,  Jan.,  1916.) — The  method  here  described  makes  use 
of  a  film  grating.  Light  from  a  collimator  passes  through  the  grating  G  and 
then  through  the  glass  plate  H  whose  distance  from  the  grating  is  to  be  found  : 
the  grating  has  its  ruled  face  towards  the  ^ass  plate,  which  is  half-silvered. 
The  transmitted  light  is  viewed  by  a  telescope.  Three  types  of  interferences, 
of  successive  orders  of  fineness,  are  obtained.  The  first  involves  the  colours 
of  thin  plates,  resolved  spectroscopically,  while  the  others  depend  on  diffrac> 
tion.  To  measure  the  thickness  of  the  air-space  it  is  necessary  to  count  the 
jiumt>er  of  fringes  between  two  definite  Fraunhofer  lines,  supposing  the 
grating  constants  to  be  known.  With  the  plate  H  half-silvered,  and 
the  grating  G  left  clear»  only  the  fine  fringes  are  seen  strongly  on  trans- 
mission. The  others  appear  on  reflection  at  the  grating,  and  may  be  observed 
easily  in  the  second  (Mrder.  With  the  ruled  face  of  the  grating  half-silvered, 
the  reflected  field  is  largely  destroyed;  but  the  transmitted  field  is  now 
strong,  particularly  in  the  second  order,  for  all  three  sets  of  fringes.  Ives's 
direct-vision  prism  grating  shows  the  fine  fringes  well  in  the  direct  beam. 
The  fine  fringes  may  always  be  found  in  the  principal  focal  plane  of  a  tele- 
scope, but  the  medium  and  coarse  fringes  usually  lie  in  focal  planes  differing 
from  each  other.  Thus,  by  adjusting  the  eyepiece,  it  is  possible  to  eliminate 
any  of  the  interferences,  or  to  show  a  single  set  only  in  the  field.  The  theory 
of  the  method  is  given  and  the  practical  details  are  discussed,  examples  being 
given  of  measurements  made  at  different  distances  apart  of  H  and  G.  If 
100  fringes  can  be  counted  between  the  D  and  h  lines,  the  method  permits  of 
measurements  of  thicknesses  of  air  films  from  a  fraction  of  a  wave-length  of 
light  up  to  about  1*7  cm.  A.  W. 

271.  Disturbance  of  Elastic  After-effect  by  Elastic  Hysteresis,  H.  Jordan. 
(Deutsch.  Phys.  Gesell.,  Verb.  17.  28.  pp.  428-486,  Dec.  16,  1916.)— Although 
there  is  available  a  large  amount  of  data  concerning  elastic  hysteresis  and 
particularly  elastic  after-effects,  yet  present  knowledge  of  the  limits  and 
mutual  relations  of  these  two  phenomena  are  not  quite  settled.  The  present 
paper  is  therefore  a  contribution  to  this  problem.  Previous  work  recmvs 
very  adequate  attention,  and  the  results  of  Voigt,  Cantone,  Warburg,  Heoae, 
and  Wiechert  are  reviewed.  Voigt  found  by  experimenting  with  a  large 
number  of  rods  of  different  metals  that  the  self-damping  of  the  oscillations  of 
small  amplitude,  whether  produced  by  bending  or  torsion,  and  their  depend- 
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ence  on  frequency,  cannot  be  explained  satislactorily  by  internal  friction* 
Cantone  traces  the  self -damping  of  torsional  oscillations  made'  by  iron  wires 
exclusively  to  hjrsteresis.  Statical  measurements  showed  these-to  be  inde^ 
pendent  of  time.  The  repetition  of  Cantone's  statical '  experiments  with 
Voigt's  bars  showed  that  small  bendings  bring  about  results  independent  of 
time.  Elastic  after-efiEects  were  next  proposed  as  being  the  cause  of  this  self« 
damping  oi  oscillations.  The  latter  is  a  property  exhibited  by  a  body  which 
is  almost  perfectly  elastic,  and  is  shown/  after  cbuige  of  form  by  bending  of 
torsion,  as  a  change  in  the  force  necessary  to  retain  the  given  shape,  t>r  as  a 
change  in  shape  if  the  force  be  kept  constant.  By  periodic  changd  of  force 
the  displacement  lags  in  phase ;  the  displacement  regarded  as  a  function  of 
the  force  gives  therefore,  as  in  pure  hysteresis,  a  slip  whose  form  depends  on 
the  interval  elapsed.  In  general,  the  observed  change  is  appreciabfy  greater 
than  the  calculated  amount  Similar  results  were  afiEorded  by  Voigf  s  experi- 
ments. A  large  number  of  experiments  on  the  nature  of  the  after-effect  under 
simple  conditions  have  been  undertaken.  While  measurements  with  Al  could 
be  theoretically  explained  from  the  standpoint  of  h3rsteresis,  similar  data  from 
iron  could  not  be  so  explained.  The  after-efEect  with  limiting  force-values, 
however,  runs  regularly.  An  elaborate  theoretical  investigation  is  included  in 
the  paper,  followed  by  a  detailed  description  of  the  experiments  undertaken. 
Aluminium,  iron,  and  zinc  were  £rst  examined  under  simple  conditions,  when 
the  least  complex  behaviour  was  exhibited  by  Al  and  the  most  by  Zn.  While 
the  data  given  by  Al  were  in  accordance  with  theory,  iron  gave  simple  after- 
effects, which,  while  proportional  to  the  logarithm  of  the  time,  were  also 
dependent  on  other  factors.  These  were  next  investigated.  Several  changes 
of  force  in  cyclical  ord6r  were  made,  and  while  the  theoretical  results  were 
never  obtained,  yet  the  divergence  for  iron  was  much  greater  than  for  Al. 
This  disturbance  was  found  to  be  due  to  hjrsteresis. 

The  author  regrets  not  being  able  to  draw  general  conclusions  from  his 
investigations.  H.  H.  Ho. 

272.  Influence  cf  Temperature  and  Mechanical  Work  during  the  Forging  of 
Wrought  Iron  and  Mild  Steel.  O.  Fuchs.  (Zeits.  Vereines  Deutsch.  Ing.  59. 
pp.  915-918,  Nov.  6,  I915.)--The  author  has  carried  out  a  series  of  experi- 
ments to  determine  the  influence  exerted  by  temperature  and  mechanical 
work  on  the  properties  of  iron  and  mild  steel  during  their  forging.  The 
results  show  that  the  amount  of  work  necessary  to  produce  a  certain  amount 
of  deformation  in  the  critical  ranges  is  greater  than  the  amount  necessary  to 
produce  a  similar  deformation  at  temperatures  above  or  below  these  ranges* 
Microscopic  examination  of  the  materials  used  showed  that  the  deformation 
in  the  critical  ranges  produced  its  efiFect  by  virtue  of  the  fact  that  the  pressure 
hindered  the  formation  of  the  ferrite  grains.  Brinell  hardness  tests  indicated 
that  the  minimum  hardness  was  obtained  in  the  specimens  which  had  been 
subjected  to  a  compression  test  at  the  temperature  of  the  Ar2  change.  By 
annealing  the  crushed  specimens  the  material  was  restored  to  its  original 
properties.  F.  C.  A.  H.  L. 

273.  Elastic  Strength  of  Metals,  F.  C.  Thompson.  (Faraday  Soc., 
Trans.  11.  pp.  104-116 ;  Disc,  116-117,  Oct.,  1916.)— Since  a  pure  metal  con- 
sists of  allotriomorpbic  crystals,  it  is  reasonable  to  expect  that  the  surfaces  in 
contact  should  be  sources  of  weakness,  but  experience  has  shown  that  the 
crystal  boundaries  are  actually  sources  of  strength.  In  order  to  explain  this 
apparently  anomalous  behaviour  the  idea  of  the  existence  of  an  amorphous 
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intercrystalline  cement  has  been  developed.  Since,  however,  these  inter- 
cr3rstalline  films  are  of  extreme  thinness,  certainly  beyond  the  limits  of  micro- 
scopic vision,  the  hypothesis  necessitates  the  assumption  that  the  strength  of 
the  amorphous  material  is  far  beyond  an3rthing  justified  by  our  knowledge  of 
the  properties  of  undercooled  liquids.  The  conception  that  surface-tension 
effects  are  to  be  observed  in  the  amorphous  layers  was  originally  put  forward 
by  Quincke  and  developed  by  Beilby  and  others,  but  the  author  has  developed 
the  theory  on  novel  and  definite  lines. 

When  two  plates  are  separated  by  a  film  of  liquid  which  wets  them, 
a  marked  attraction  occurs,  the  intensity  of  which  is  2AT/</  dynes,  where 
A  is  the  area  of  the  plate  wetted  by  the  liquid,  T  the  surface  tension  of 
the  liquid,  and  d  the  thickness  of  the  film.  Somewhat  similar  conditions 
exist  at  the  crystal  boundaries  in  a  metal ;  two  crjrstals  are  separated  by 
a  film  of  undercooled  liquid,  and  the  pressure,  instead  of  being  atmospheric, 
is  derived  from  the  vectorial  forces  of  crystallisation.  On  this  ba$is  the 
very  thinness  of  the  films  is  the  source  of  their  greatest  strength,  and  if 
for  any  reason  their  width  is  increased  the  strength  of  the  mass  is  lowered. 
The  greatly  increased  strength  of  a  fine-grained  metal  over  that  of  a  coarser 
one  is  also  explained  on  the  basis  of  the  increased  area  over  which  attraction 
occurs.  The  relation  of  stress  to  strain  is  probably  most  accurately  represented 
by  the  diagram  obtained  by  Robertson  and  Cook  [Abs.  1770  (1918)].  Their 
diagram  differs  from  those  usually  obtained  in  that  it  shows  a  marked  dip  in 
the  curve  at  the  yield-point.  On  the  basis  of  the  author's  theory  the  elastic 
limit  is  the  stress  which  just  equals  the  resultant  of  the  interface  attractions  in 
the  direction  of  the  application  of  the  stress.  Further  increase  in  stress  draws 
the  crystals  apart  and  results  in  a  permanent  set.  Actual  separation  of  the 
crystals  is  prevented  by  flow  of  amorphous  material  from  the  more  highly 
compressed  areas.  During  this  stage  of  the  test,  therefore,  every  increase  of 
load  increases  the  thickness  of  the  amorphous  films;  and  since  the  inter- 
crystalline attraction  or  the  resistance  of  the  metal  to  the  stress  is  inversely 
proportional  to  the  thickness  of  the  films,  every  increase  of  load  produces  a 
rapid  fall  in  the  resistance  to  the  stress  and  a  period  of  instability — ^the  yield- 
point— occurs. 

From  various  considerations  the  author  shows  that  the  elastic  limit  E  is 
equal  to  l-5nT/</,  which  expresses  the  attraction  as  closely  as  it  is  possible  to 
do  so.  Copper,  Zn,  Sb,  Ag,  Pb,  Sn,  Ni,  and  pure  Fe  have  been  examined  for 
mechanical  properties,  and  the  size  of  their  grains  has  been  determined  by 
microscopic  examination.  To  investigate  the  influence  of  crystal  size,  the  iron 
was  tested  after  various  forms  of  heat-treatment  by  means  of  which  the  number 
of  crystals  per  cm.  was  varied  from  090  to  10.  The  results  indicate  that  in  all 
the  metals  examined  the  thickness  of  the  intercrystalline  cement  is  of  the  same 
order  and  approximately  equal  to  8*7  X  10"*  cm.  The  order  of  the  thickness 
of  the  cement  has  also  been  obtained  by  means  of  observations  of  the  electrical 
conductivity.  The  electrical  resistance  of  a  metal  is  made  up  of  two  factors, 
the  resistance  of  the  crystalline  material  and  the  resistance  of  the  inter- 
crystalline cement.  It  can  be  represented  by  the  equation  pi  =  ^4-nR, 
where  pi  is  the  resistivity  of  the  sample,  pt  the  resistivity  of  the  crystalline 
material,  n  the  number  of  crystals  per  cm.,  and  R  the  boundary  resistance. 
By  actual  observation  it  was  shown  that  increased  grain-size  is  accompanied 
by  a  corresponding  decrease  in  the  resistivity.  Calculation  of  the  value 
of  d  for  iron  gives  an  average  value  of  4*7  X  10**,  a  value  which  is  in  close 
agreement  with  the  one  already  given  above.  These  values  are  obviously 
too  high  since  they  would  be  well  within  the  limits  of  microscopic  vision,  but 
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it  is  shown  that  the  calculations  are  based  on  a  too  high  estimate  for  the 
surface  tension,  the  real  tension  being  reduced  owing  to  the  fact  that  between 
two  crystals  there  is  a  layer  of  matter  in  which  the  molecules  are  arranged  so 
as  to  pass  by  gradual  small  displacements  from  the  orientation  of  one  crystal 
to  that  of  the  other.  It  is  therefore  probable  that  the  thickness  of  the 
amorphous  film  is  of  the  order  of  10~^  cm.  F.  C.  A.  H.  L. 

274.  Bending  Elasticity  of  Cast  Iron,  A.  Ono.  (Kyushu  Univ.,  Mem.  1. 
3.  pp.  111-164, 1915.  In  German.) — According  to  Bach  the  relation  between 
the  tensile  strength  K,  and  the  bending  strength  K^  of  cast  iron  is  given  by  the 
equation  K»  =:  /i>/(^/2^)K,,  where  e  is  the  distance  of  the  outer  fibres  from  the 
centre  line,  2q  the  distance  of  the  centre  of  gravity  of  the  section  on  one  side 
of  the  centre  line  from  the  centre  line,  and  fi  a  coefficient  depending  on  the 
shape  of  the  section.  For  sections  bounded  by  straight  lines  this  coefficient 
is  approximately  equal  to  1*2.  The  author  has  carried  out  tensile,  compres- 
don  and  bending  tests  on  bars  made  from  the  same  Japanese  cast  iron.  The 
results  show  that  the  ratio  between  the  bending  and  tensile  strengths  is  1*78, 
while  the  coefficient  fi  in  the  equation  given  above  is  1*4.  On  the  basis  of 
the  figures  obtained  in  the  tensile  and  compression  tests  the  relation  between 
the  bending  moment  and  the  extension  of  the  outer  fibres  in  tension  have 
been  determined  graphically.  Attention  must  be  drawn  to  the  fact  that  the 
residual  extensions  in  the  outer  fibres  in  tension  were  much  smaller  than  those 
observed  in  the  tensile  test.  This  difference  is  ascribed  to  the  existence  of 
internal  stresses  in  the  I-bar  as  cast.  F.  C.  A.  H.  L. 

276.  Copper  and  Bronze.  Effect  oj  Drawing  and  Annealing  with  Special 
Reference  to  the  extended  Tensile  Test,  W.  Miiller.  (Zeits.  Vereines  Deutsch. 
Ing.  69.  pp.  988-987,  Nov.  18, 1915.) — Experiments  have  been  carried  out  on 
copper,  bronze,  and  two  samples  of  magnesium  bronze  with  the  object  of 
determining  their  mechanical  properties  after  various  forms  of  mechanical 
and  heat  treatments.  The  results  obtained  for  the  various  alloys  are  so 
similar  that  only  the  copper  tests  are  described  as  typical  of  these  alloys. 

The  elastic  limit  of  drawn  copper  is  a  rectilinear  function  of  the  degree 
of  drawing,  but  it  has  not  been  found  possible  to  raise  the  elastic  limit 
until  it  equals  the  ultimate  strength.  While  the  ultimate  strength  in- 
creases very  gradually,  the  yield-point  increases  rapidly  at  first  and  then 
more  slowly  as  the  degree  of  drawing  increases.  The  contraction  decreases 
in  direct  linear  relationship  with  the  degree  of  drawing,  while  the  elongation 
decreases  rapidly  until  the  reduction  of  section  in  the  die  reaches  about 
20  %,  after  which  the  decrease  is  much  less  rapid.  The  modulus  of  elasticity 
increases  with  the  amount  of  drawing,  the  rate  of  increase  showing  a 
decrease  at  about  60  %  contraction.  The  ratio  of  the  ball  hardness  to 
the  max.  strength  attains  a  vague  maximum  at  about  20  %  contraction. 
This  ratio  appears  to  be  fairly  constant  for  all  metals  and  is  approximately 
equal  to  8.  Annealing  decreases  the  strength  and  hardness  and  increases 
the  ductility.  A  max.  softening  effect  occurs  in  the  temperature  region 
situated  between  180°  and  880°  C. ;  the  temperature  at  which  softening 
begins  depending  upon  the  amount  of  drawing  to  which  the  wire  has  been 
subjected,  being  lower  as  the  amount  of  drawing  is  increased.  At  the  same 
time  the  temperature  interval  over  which  the  softening  takes  place  is 
increased  with  the  amount  of  drawing.  The  completely  softened  material 
has  mechanical  properties  that  depend  upon  the  degree  of  drawing,  in  the 
direction  that  harder-drawn  material  is  always  stronger  than  a  material  which 
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has  been  subjected  to  less  drawing.  A  model  has  been  prepared  to  show; 
the  relationship  between  the  decrease  in  strength,  the  degree  of  drawing  and 
ttie  temp^ature  of  annealing.  The  ordinary  method  of  representing  a  tensile 
test  by  means  of  an  autographic  load*extension  diagram,  while  good  enough 
for  all  practical  purposes,  still  leaves  something  to  be  desired  from  the 
theoretical  point  of  view.  A  perfect  representation  of  the  mechanism  of 
the  tensile  test  can  only  be  obtained  on  the  basis  of  the  efiEective  stress, 
i,e,  the  stress  acting  on  the  smallest  diam.  of  the  test  specimen  after  the 
applied  load  has  acted  long  enough  for  the  stretching  to  be  complete  so  that 
a  state  of  equilibrium  has  been  attained.  If  a  diagram  is  then  plotted  with 
the  efiFective  stress  and  the  reduction  .of  area  as  co-ordinates,  an  exhaustive 
analysis  of  the  tensile  test  is  obtained.  This  has  been  carried  out  for  copper 
wires  of  various  diameters  in  the  drawn  and  annealed  conditions.  The 
results  show  that  when  an  annealed  material  is  drawn  down  in  stages  it 
passes  through  the  whole  series  of  intermediate  states  from  soft  to  hard.  It 
is  in  one  of  these  intermediate  stages  that  alterations  of  shape  can  take  place 
most  readily,  and  in  the  case  of  copper  this  state  appears  to  be  attained  when 
the  reduction  of  section  by  drawing  lines  between  20  and  30  %.  The  results 
have  been  extended  by  microscopic  examination.  F.  C.  A.  H.  L. 

276.  The  Proportional  Lima  of  Metals.  A.  N.  Mitinsky.  (Mech.  Eng.  87. 
pp.  48-49,  Jan.  21, 1916.  Abstract  of  paper  read  before  the  Am.  Inst.  Mining 
Eng.,  San  Francisco,  Sept.,  1915.)— The  theory  of  elasticity,  the  science  of 
the  strength  of  materials,  and  all  intelligent  engineering  designs  are  based  on 
Hooke's  law.  Consequently,  the  proportional  limit — the  point  at  which  the 
deformation  ceases  to  be  proportional  to  the  load — ^is  a  much  more  important 
factor  than  the  ultimate  strength  in  engineering  design.  The  more  frequent 
use  of  the  ultimate  strength  is  probably  due  to  the  fact  that  it  is  easy  to  deter- 
mine and  to  the  erroneous  notion  that  the  elastic  limit  is  proportional  to  the 
ultimate  strength.  It  is  a  common  and  great  mistake  to  substitute  the  yield- 
point  for  the  proportional  limit  These  two  values  have  no  definite  relationship 
with  each  other,  for  it  is  shown  that  in  a  steel  properly  treated  both  mechani- 
cally and  thermally,  the  proportional  limit  and  the  yield-point  are  very  close 
together,  while  in  a  steel  of  poor  quality  there  may  be  a  great  difiFerence 
between  the  two  values.  From  a  physical  point  of  view  the  proportional 
limit  is  the  load  at  which  the  shear  stresses  produced  by  tension  or  compres- 
sion are  sufficient  to  break  down  the  metal.  At  this  point  there  is  a  change 
in  the  internal  structure,  Hartmann  lines  (?)  [Luder  lines]  appear  on  the 
surface  of  the  specimen,  and  its  temperature  rises.  The  resistance  of  a 
metal  to  fatigue  depends  entirely  on  its  proportional  limit,  since  no  amount 
of  repetition  of  lower  stresses  can  cause  any  change  in  the  internal  structure 
with  consequent  injury.  It  would  appear,  therefore,  that  the  fatigue  test 
Vnder  stresses  exceeding  the  elastic  limit  could  very  well  be  replaced  in 
practice  by  a  determination  of  the  elastic  limit.  When  properly  carried  out 
such  a  determination  can  be  made  in  about  20  mins.,  and  the  Russian  railway 
authorities  are  now  largely  introducing  the  proportional  limit  into  their  rail 
specifications. 

Wear  of  rails  and  tyres  is  of  two  kinds,  that  due  to  deformation  by 
crushing  and  that  due  to  abrasion.  The  first  depends  entirely  on  the  value 
of  the  proportional  limit  Practical  experience  has  failed  to  establish  any 
relationship  between  wear  and  Brinell  hardness,  ultimate  strength,  3rield- 
point,  elongation,  contraction,  chemical  composition,  or  the  results  of  the 
drop  test  However,  examination  of  rails  and  tyres  which  hid  given  good 
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^eanng  properties  in  service  showed  high  proportional  limits,  while  rails 
which  soon  showed  signs  of  crashing  had  low  proportional  limits.  Generally 
speaking,  a  steel  with  medium  carbon-content  and  a  fine-grained  structure 
will  have  a  high  proportional  limit.  The  only  cases  in  which  a  high  propor- 
tional limit  does  not  correspond  with  a  steel  of  good  quality  are  in  steels  with 
a  Widmanst&tten  structure  (overheated)  or  steels  with  high  phosphorus,  As, 
qr  Mn  content.  In  all  these  cases  brittleness  is  readily  detected  by  the 
drop  test.  The  question  of  wear  by  abrasion  is  one  which  has  received  little 
attention,  and  all  that  is  definitely  known  about  it  is  that  sulphur  tends  to 
increase  wear  from  this  cause.  There  appears  to  be  no  relation  between 
wear  by  abrasion  and  Brinell  hardness  or  ultimate  strength.      F.  C.  A.  H.  L. 

277.  Behaviour  of  Iron  and  Steel  during  Compression  Tests.  H.  Monden. 
(Stahl  und  Eisen,  85.  p.  1022,  Oct.  7,  and  p.  1052,  Oct  14,  1915.  Am.  Soc. 
Mech,  Eng.,  J.  87.  p.  721,  Dec.,  1916.  Abstract.)— The  results  of  a  series  of 
tests,  carried  out  with  the  object  of  determining  the  effect  of  variation  in  the 
shape  of  test-piece  on  the  results  of  compression  tests  made  upon  iron  and 
steel,  indicate  that  the  shape  of  the  test-piece  does  not  affect  the  yield-point 
as  regards  magnitude,  but  that  it  does  have  considerable  influence  on  the 
visibility  of  the  point.  The  alteration  in  length  increases  as  the  ratio  of  the 
length  to  the  square  root  of  the  cross-sectional  area  increases.  Tests  on 
similarly  proportioned  square  and  circular  test-pieces  show  that  the  altera- 
tion in  length  of  the  square  test-piece  is  greater  than  that  of  the  circular  one. 
The  stress  at  the  yield-point  is  materially  affected  by  grain-size  in  such  a 
way  that,  other  things  being  equal,  the  yield  stress  decreases  with  increase  of 
the  grain-size.  The  linear  relationship  established  by  Kurth  between  the 
&inell  hardness  or  the  yield-point  and  the  degree  of  cold-working  is 
confirmed.  F.  C.  A.  H.  L. 

278.  Trajectory  of  Projectiles  shot  out  with  a  large  Initial  Speed,  and  at  an 
Angle  in  the  vicinity  of4&^;  Influence  of  Diminution  in  the  Density  of  the  Air. 
de  Sparre.  (Comptes  Rendus,  161.  pp.  767-770,  Dec.  20, 1916.)— Projectiles 
possessing  a  large  initial  velocity  and  projected  at  an  angle  of  nearly  46°  rapidly 
arrive  at  a  region  of  the  atmosphere  where  the  density  of  the  air  is  very  much 
reduced — a  circumstance  which  may  augment  the  range  by  80  to  40  %.  The 
author  calculates  the  trajectory  by  taking  successive  arcs  and  obtaining 
a  first  approximation  by  the  method  of  Didion-Siacd,  then  estimating  the 
corrections  to  be  applied  to  the  results  of  this  first  approximation,  necessitated 
both  by  variation  of  air  density  and  by  the  method  itself.  H.  H.  Ho. 

279.  Falls  of  Droplet  in  Liquid  and  in  Gas.  O.  W.  Silvey.  (Phys.  Rev.  7. 
pp.  87-106,  Jan.,  1916.)— To  account  for  the  apparent  variation  of  the  value  e, 
Millikan  wrote  empirically  the  correction  to  Stokes'  law  as  a  function  of  the 
ratio  of  the  mean  free  path  to  the  radius  of  the  drop,  which,  when  higher 
powers  of  1/a  are  neglected,  reduces  to  the  approximate  formula — 


~~9        u 


'=^— '(•+"). 


where  v  is  the  velocity  of  fall,  a  the  radius  of  the  spherical  droplet,  (r  its 
denaty,  p  that  of  the  surrounding  medium,  u  its  viscosity,  I  the  mean  free 
path  of  the  molecules  in  the  medium,  and  A  an  empirical  constant. 

The  present  work  is  an  elaborate  series  of  experiments  on  the  falls  of 
mercury  droplets  in  air  and  in  xylol.    Assuming  that  the  modified  form 
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of  Stokes'  law  is  applicable  to  this  motion,  the  value  of  1*08  was  found  for  the 
empirical  constant  A  for  the  fall  in  air. 

It  was  found  that  the  Hadamard  correction  does  not  hold  for  mercury 
droplets  in  xylol. 

A  rough  measurement  of  A  from  the  apparent  value  of  e  on  mercury 
droplets  gave  a  value  in  the  neighbourhood  of  that  obtained  by  using  oil 
drops.    [See  Abs,  788  (1910)  and  948  (1911).]  E.  H.  B. 

280.  Fall  of  Mercury  Droplets  in  Viscous  Medium,  O.  W.  Silvey .  (Phys. 
Rev.  7.  pp.  106-111,  Jan.,  1916.)— This  experimental  work  on  the  fall  of 
mercury  droplets  in  castor  oil  gives  results  which  lie  almost  exactly  on  the 
curve  plotted  from  the  Stokes-Ladenburg  equation — 

^^2  gy-p) 


■  9  tt(l  +  2-4a/R)(l  +  8-lfl/L)' 

where  R  and  L  are  respectively  the  radius  and  length  of  the  tube.  The 
graph  plotted  on  the  same  diagram  for  the  Hadamard  correction  to  Stokes' 
formula  lies  quite  away  from  all  the  experimental  results.  [See  Abs.  948 
(1911)  and  preceding  Abs.]  E.  H.  B. 

281.  Application  of  NofHography  to  Discontinuous  Motion  of  a  Liquid. 
W.  B.  Morton  and  £.  J.  Harvey.  (Phil.  Mag.  81.  pp.  180-188,  Feb.,  1916.) 
— In  illustration  of  the  use  of  nomograms  the  authprs  give  seven  nomograms 
and  a  set  of  curves,  by  means  of  which  results  in  certain  problems  in  dis- 
continuous motion,  here  used  as  examples,  can  be  readily  obtained.   L.  H.  W. 

282.  Theory  of  the  Capillary  Tube.  Rayleigh.  (Roy.  Soc.,  Proc.  Ser.  A. 
92.  pp.  184-195,  Jan.  1, 1916.) — In  the  theory  of  narrow  tubes,  the  lower  level 
from  which  the  height  of  the  meniscus  is  reckoned,  is  the  free  plane  level. 
In  experiment,  the  lower  level  is  usually  that  of  the  liquid  in  a  wide  tube 
connected  below  with  the  narrow  one,  and  the  question  arises  how  wide  this 
tube  needs  to  be  in  order  that  the  inner  part  of  the  meniscus  may  be  nearly 
enough  plane.  The  analysis  here  developed  to  a  first  approximation  gives 
for  water  a  diameter  of  4*74  cm.    A  second  approximation  gives  4*79  cnL 

E.  H.  B. 

283.  Method  of  measuring  Surface  Tension  and  Angles  of  Contact,  A. 
Anderson  and  J.  £.  Bowen.  (Phil.  Mag.  81.  pp.  148-148,  Feb.,  1916.)— 
This  method  depends  on  the  measurement  by  optical  means  of  the  radius  of 
curvature  of  the  meniscus  in  a  tube  immersed  in  a  vessel  of  the  liquid  and  the 
height  of  the  centre  above  (or  below)  the  surface  of  the  liquid  outside.  It  is 
thus  freed  from  any  correction  due  to  the  mass  of  the  meniscus  and  any 
uncertainty  as  to  whether  the  liquid  actually  wets  the  glass.  The  curve  con- 
necting the  radius  of  curvature  thus  determined  and  the  radius  of  the  tube  at 
the  top  of  the  meniscus,  for  a  number  of  tubes  of  different  diameters,  enables 
the  angle  of  contact  to  be  determined.  These  curves  for  water,  glycerine, 
olive  oil,  and  turpentine  all  appear  to  approach  the  origin  at  an  angle  of  45^, 
pointing  to  a  zero  angle  of  contact ;  mercury  gives  an  angle  of  nearly  41®  or, 
rather,  a  little  greater  than  189°.  T.  H.  P. 

284.  The  Capillary  Layer.  II.  Surface  Tension  and  Cutvature ;  Interpre- 
tation of  the  Labile  Part  of  the  Theoretical  Isotherm.  G.  Bakker.  (Ann.  d. 
Physik,  48.  6.  pp.  770-798,  Dec.  7,  1916.)— Studying  the  very  thin  inhomo- 
geneous  capillary  layer  [see  Abs.  1874  (1916)]  between  the  liquid  phase  and 
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vapour  phase  {e,g,  of  a  drop  of  liquid  surrounded  by  its  saturated  vapour)  on 
the  lines  of  Gibbs,  the  author  deduces  formulse  for  any  radius  of  curvature, 
Gibbs  having  confined  himself  to  a  relatively  large  radius.  Stefan  aud  Ray- 
leigh  have  assumed  that  the  thermal  or  kinetic  pressure  has  the  same  value 
for  a  point  in  the  capillary  layer  as  for  a  point  in  a  homogeneous  phase  of  the 
same  thickness,  and  this  holds  according  to  van  der  Waals  also  for  the 
entropy.  Thus  the  thermal  pressure  is  given  by  0  =  ^  +  ap*,  where  p  is  the 
density  at  the  point  in  question  and  p  the  pressure  in  the  respective  phase ; 
each  point  of  the  capillary  layer  hence  corresponds  with  a  definite  homo- 
geneous phase  of  the  theoretical  isotherm.  The  resulting  differential 
equations  for  the  energy  of  the  capillary  layer  has  the  same  form  as  that 
for  the  homogeneous  phase.  The  author  had  previously  shown  for  a  plane 
capillary  layer  that  the  pressure  in  the  longitudinal  direction  {i.e,  at  right 
angles  to  the  radial  pressure)  has  the  same  value  as  the  pressure  of  the 
homogeneous  labile  phase,  for  which  the  thermodynamic  potential  has  the 
same  value  as  for  the  homogeneous  phases  beyond  the  capillary  layer.  This 
conclusion  is  extended  to  curved  layers,  and  may  generally  be  expressed  in 
the  words :  "The  capillary  layer  between  the  two  homogeneous  phases  of  a 
liquid  and  its  vapour  may  be  regarded  as  representing  the  labile  phase,  the 
thermodynamic  potential  of  which  has  the  same  value  as  that  of  the  capillary 
layer.*'  The  theoretical  isotherm  may  then  be  interpreted  in  the  following 
way  :  "  If  in  the  diagram  of  an  isotherm  (for  a  certain  temperature^  for  each 
capillary  layer  (spherical  shell),  which  surrounds  a  spherical  drop  of  liquid  in 
the  one  case  or  a  spherical  bubble  of  vapour  in  the  other  case,  the  points  are 
plotted  representing  the  longitudinal  pressures  and  the  specific  volumes  of 
those  capillary  layers,  then  these  points  will  form  the  labile  part  of  the 
theoretical  isotherm."  This  physical  interpretation  of  the  isotherm  is  much 
simpler  than  that  given  by  the  author  in  1907.  The  external  work  expended 
in  vaporisation  can  be  resolved  into  four  components,  two  of  which  concern 
the  metastable  phases  and  two  the  capillary  layers.  The  paper  is  theoretical 
throughout.  Some  calculations  on  the  thickness  of  the  capillary  layer  are 
added  ;  the  values  found  are  much  higher  than  those  of  Kelvin.  If  the 
equations  of  state  were  fully  known,  this  thickness  could  always  be  deduced. 

H.  B. 

286.  Field  of  Two  Spherical  Fixed  Centres  in  Einstein's  Theory  of  Gravi- 
tation. J.  Droste.  (K.  Akad.  Amsterdam,  Proc.  18.  Nos.  4-5.  pp.  760-769, 
1916.) — In  a  previous  paper  the  author  calculated  the  field  of  a  single 
spherical  centre  and  investigated  the  motion  of  a  particle  in  it.  In  the 
present  paper  the  field  of  two  fixed  spherical  centres  is  calculated  according 
to  the  method  followed  by  Lorentz  in  calculating  the  field  of  a  single  centre 
consisting  of  an  incompressible  fluid.  The  results  furnish  a  first  correction 
to  the  equations  of  motion  as  defined  by  classical  mechanics  and  Newton's 
law.     [See  Abs.  686  (1915).]  E.  H.  B. 

286.  The  Blue  of  the  Sky  and  Avogadro's  Constant.  D.  Pacini.  (N. 
Cimento,  10.  pp.  181-167,  July-Aug.,  1916.)— Rayleigh's  theory  attributes 
the  blue  of  the  sky  to  molecular  dispersion ;  but  we  have  also  to  do  with 
dust  and  with  molecular  agglomerations  (on  ions,  on  uncharged  nuclei  pro- 
duced by  the  action  of  ultra-violet  light  on  oxygen,  or  on  water-vapour) 
which  are  larger  in  size  than  the  dimensions  required  by  Rayleigh's  theory, 
bat  which  vary  in  size  and  number.  The  author  has  studied  observed 
departures  from  the  inverse  fourth-power  law,  and  tabulated  the  calculated 
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value  of  »  m  X-".  It  is  mostly  QumeriGaUy  smaller  than  4,  but  has  been 
found  as  large  as  7.  The  observations  are  reduced  to  a  series  of  tjrpical 
curves,  less  or  more  in  disaccord  with  the  theoretical  curve;  and  the 
probable  causes  of  these  discrepancies  are  considered.  A  perfect  atmo« 
sphere  would  give  data  corresponding  to  about  62  x  1(F  molecules  per 
gramme-molecule;  the  author  finds  his  observations  lead  to  a  value  of 
67  X  1(F.  Dember  found  by  analogous  methods  28,  Abbot  and  Fowle  52, 
and  King  62*8,  x  1(P.  On  the  whole  this  is  sufficient  to  show  that  the  blue 
of  the  sky  is  mainly  due  to  molecular. dispersion.  A.  D. 

287.  The  Diurnal  Variation  of  .Underground  Temperature.  S.  Sato. 
(Math.  Phys.  Soc.,  Tokyo,  Proc  8.  pp.  828^886,  Dec,  1916.  Tohoku  Univ. 
ScL  Rep.  4.  No.  6.  pp.  898-406, 1916.}--:The  usual  method  of  measuring  earth 
temperatures  is  by  hanging  a  merpury  thermometer  at  the  required  depth 
in  a  metal  tube  sunk  in  the  ground.  In  the  present  paper  the  temperatures 
irecorded  in  a  tube  of  this  tjrpe  are  compared  with  those  obtained  by  means 
of  an  electrical  redstance  thermometer  buried  in  the  soil.  As  the  mercury 
thermometers  ordinarily  used  were  not  of  sufficient  sensitiveness  for  a  satis* 
factory  comparison,  an  electric  resistance  thermometer  was  used  in  the  earth 
tubes  in  place  of  the  mercury  ones.  It  was  found  that  conduction  of  heat 
along  the  walls  of  the  tube,  and  conduction  and  convection  of  the  air  column 
in  the  tube,  caused  the  diurnal  variation  of  the  temperature  in  the  metal  pipe 
sjTstem  to  difEer  considerably  in  phase  and  amplitude  from  the  curve  of  actual 
temperature  changes  in  the  soil  at  the  same  depth.  Further,  the  error  does  not 
tend  to  vanish  with  increase  of  depths  but  rather  to  increase.  The  ratio  of  the 
diurnal  amplitude  in  the  metal  pipe  system  to  the  true  amplitude  at  the  same 
depth  is  given  in  the  following  table,  together  with  the  error  in  the  phase  angle. 


Depth. 

80cm. 

40  cm. 

Mem. 

Ratio  of  amplitudes  

Phase-difference  in  hours. 

1-88 
76 

218 
10-26 

2-62 
186 

Thus  at  60  cm.  depth  the  amplitude  given  by  the  metal  pipe  S3rstem  is  more 
than  2i  times  the  true  value,  and  the  maximum  and  minimum  temperatures 
occur  18i  hours  before  the  times  of  the  corresponding  extremes  in  the  soil 
at  the  same  depth.  The  absolute  error  in  temperature  commonly  ranges  up 
to  between  0*6  and  1  deg.  C.  J.  S.  Dl. 

288.  Viscosity  of  the  Earth.  H.  Jeffreys.  (Roy.  Astron.  Soc,  M.N.  76. 
pp.  84-86,  Dec,  1916.) — In  continuation  of  a  former  paper  [Abs.  1209  (1916)] 
it  is  argued  that  for  a  Eulerian  nutation  to  be  possible,  it  seems  necessary  that 
the  time  required  for  appreciable  permanent  set  to  take  place  must  be  several 
years ;  in  such  an  earth  bodily  tidal  friction  must  be  very  small  in  amount 
unless  quite  unknown  laws  are  in  operation.  This  appears  to  indicate  that 
the  theories  of  tidal  lag  as  an  explanation  of  the  secular  acceleration,  and 
of  the  Eulerian  nutation  as  an  explanation  of  the  480-day  period,  are  mutually 
inconsistent.  C.  P.  B. 

289.  Transparency  cf  Aqueous  Vapour.  F.  E.  Fowle.  (Astrophys.  J.  42. 
pp.  894-411,  Dec,  1916.) — An  attempt  is  made  to  treat  quantitatively  the 
depletion  of  energy  from  the  radiation  of  heavenly  bodies  as  it  passes  through 
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atmospheric  aqoeoiis  vapour,  the  analysis  dealing  with  absorption  as  con- 
trasted with  the  scattering  considered  in  former  papers  [Abs.  256  (1915)]. 
The  loss  of  incoming  solar  energy  is  shown  by  tabulated  values  of  solar  radia- 
tion at  two  mountain  stations,  Mt.  Whitney  (44^  m.)  and  Mt.  Wilson  (1780  m.), 
and  the  sea-level  station  at  Washington.  The  reduced  values  indicate 
the  amounts  of  heat  as  calories  and  percentages  of  the  incident  energy 
(1*98  15^  C.  gm.  cals.)  scattered  and  absorbed  at  different  air  masses 
by  dry  air  and  by  air  containing  various  amounts  of  precipitable  water. 
Curves  are  given  indicating  the  fractional  transmission  of  energy  by  dry  air 
and  by  aqueous  vapour,  with  the  variations  from  wave-length  to  wave-length 
through  the  spectrum.  C.  P.  B. 

290.  Spectroscopic  Determination  of  Solar  Rotation,  J.  S.  Plaskett. 
(Astrophys.  J.  42.  pp.  878-893,  Dec,  1916.)— Results  are  given  of  an 
investigation  of  the  solar  rotation  from  spectrograms  obtained  during  1912 
and  1918  at  the  Ottawa  Observatory,  with  the  same  apparatus  as  that  used 
in  previous  work  during  1911  [Abs.  58  (1914)].  In  the  later  measures  a 
reversing  prism  was  used  with  the  microscope  eyepiece,  so  that  readings 
corresponding  to  plate  direct  and  plate  reversed  could  be  taken  for  each 
line  before  moving  to  another.  The  number  of  lines  measured  was  reduced, 
as  it  appeared  from  the  earlier  measures  that  no  systematic  differences  of 
velocity  could  be  attributed  to  the  use  of  dififerent  lines  or  lines  of  different 
elements.  Two  regions  of  the  spectrum  were  recorded,  one  with  plate  at 
X5600,  the  other  with  it  at  X4250.  For  1912,  25  plates  were  used  for  each 
region.  For  1918,  20  plates  at  X5600  and  17  at  X4250.  In  all  884  spectra  were 
measured  and  reduced,  involving  the  examination  of  over  11,000  lines.  Tables 
are  given  summarising  the  reduced  velocities  on  all  the  plates  of  1912  and 
1918  with  the  number  and  Greenwich  mean  date  of  each  plate.  Formulae  of 
the  Faye  type  are  given  as  the  nearest  approximation  to  the  law  of  rotation 
for  the  different  latitudes,  that  adopted  for  the  linear  velocity  being 
V=  (2006 ^0*522 sinV)  cos  f  km.  per  sec.  Differences  in  the  rotation 
velocities  for  1911, 1912, 1918.  are  discussed  from  the  point  of  view  of  their 
being  instrumental  or  indicating  real  changes  in  the  solar  rotation.  It  is 
concluded  that  there  is  no  evidence  of  rotation  change,  but  the  effects  may 
be  due  either  to  errors  of  measurement  or  the  influence  of  local  movements 
in  the  material  of  the  sun's  reversing  layer.  C.  P.  B. 

291.  Solar  Rotation  in  1911.  J.  B.  Hubrecht.  (Solar  Physics  Observat, 
Cambridge,  Ann.  8. 1.  [77  pp.]  Aug.,  1915.) — ^This  is  the  full  account  of  the 
observations  for  determining  the  value  of  the  solar  rotation  in  June,  1911, 
a  short  summary  having  been  already  noted  [Abs,  1218  (1915)].  Four  series 
of  plates  were  made  during  the  Erst  two  weeks  of  June,  1911,  at  Cambridge, 
from  which  velocity-differences  have  been  derived  t>etween  pairs  of  points 
separated  by  90^  at  intervals  of  15^  all  round  the  sun's  limb.  Comparisons  of 
r^ults  from  different  lines  show  a  variation  from  one  end  of  the  spectral 
region  to  the  other,  smaller  towards  the  red.  The  velocities  appear  to  be 
arranged  symmetrically  with  respect  to  a  diameter  inclined  (f  80^  with  the 
assumed  axis.  With  respect  to  the  equator  the  sum  of  northern  velocities 
is  considerably  greater  than  the  sum  of  southern  velocities.  For  solar 
latitude  45^  the  difference  N--S  =  0*052  km.  sec.  When  averaged  together 
to  one  quadrant  and  reduced  to  angular  velocities  the  results  are  not  in  agree- 
ment with  Faye's  or  any  other  simple  law.  The  deviations  occur  especially 
at  very  low  and  at  high  latitudes.    For  these  zones  the  angular  velocity 
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is  found  to  remain  constant  or  even  to  increase  with  increasing  latitude. 
All  the  observations  seem  to  be  consistent  with  Emden's  solar  theory. 

C.  P.  B. 

292.  Luminescence  and  Absorption  in  Solar  Atmosphere.  A.Perot.  (Soc 
Int.  Elect.,  Bull.  6.  pp.  ^17,  Jan.,  1916.)~Examination  of  the  spectrum 
of  hydrogen  in  a  specially  made  vacuum  tube  showed  evidence  of  projection 
of  the  luminous  centres  with  velocities  varying  from  49  to  1190  metres  per 
sec.  depending  on  the  current  strength  in  the  tube  (11  to  144  milliamps.). 
The  velocity  further  appears  to  increase  with  decrease  of  pressure,  but  is 
affected  by  several  other  factors.  Interesting  results  were  found  in  the  case 
of  gaseous  mixtures ;  with  hydrogen  and  helium  the  velocities  in  the  same 
tube  for  Ho  and  helium  (X5876)  were  distinctly  different,  in  almost  the  order 
of  the  respective  molecular  weights.  Again  with  lithium  and  sodium  the 
velocities  of  Xd708  (Li)  and  X5896  (Di)  were  in  the  ratio  of  1 :  81 ;  the  ratio  of 
molecular  weights  being  1 :  8*8.  The  importance  of  these  results  is  discussed 
with  reference  to  the  interpretation  of  solar  spectra.  C.  P.  B. 

293.  Orbital  Planes  of  Jupiter's  Satellites.  W.  de  Sitter.  (K.  Akad. 
Amsterdam,  Proc.  18.  No.  6.  pp.  1012-1017, 1916.) — Observations  made  on  the 
four  old  satellites  of  Jupiter  in  the  interval  1906-1909  by  P.  Guthnick  at 
the  Berlin  Observatory  were  used  to  determine  the  position  of  the  orbital 
planes  of  these  bodies.  Guthnick  showed  that  the  results  agreed  better  with 
de  Sitter's  tables  [see  Abs.  1071  (1908)]  than  with  the  tables  published  by 
Sampson,  and  as  this  was  only  a  preliminary  examination,  the  author  now 
gives  a  more  complete  comparison  of  the  results  with  theory.  Observations 
now  being  made  at  the  Cape  of  Good  Hope  and  Johannesburg  are  expected 
to  furnish  more  valuable  material.  C.  P.  B. 

294.  Cause  of  Divisions  of  Saturn* s  Rings,  P.  Lowell.  (Lowell  Observatory 
Bull.  No.  68.  Nature,  96.  p.  608,  Jan.  27, 1916.  Abstract.)— From  the  analysis 
of  a  series  of  micrometer  measures  of  the  rings  of  Saturn  it  is  suggested 
that  many  of  the  newly-discovered  divisions  on  ring  B  are  due  to  the  pertur- 
bations by  Mimas,  the  nearest  of  Saturn's  satellites.  The  chief  argument 
is  that  most  of  the  new  divisions  occur  where  a  particle  of  the  ring  material 
would  have  a  period  of  revolution  commensurate  in  some  simple  ratio  with 
that  of  Mimas.  C.  P.  B. 

295.  Influence  of  Fresnel-coefficient  on  Solar  Phenomena.  P.  Zeeman. 
(K.  Akad.  Amsterdam,  Proc.  18.  Nos.  4-5.  pp.  711-715,  1916.)— It  is  shown 
that  the  presence  of  the  term  —  X//i .  dfildX  of  Lorentz  in  the  expression  of  the 
Fresnel  coefficient  may  give  rise  to  a  change  in  the  propagation  of  light- waves 
whenever  a  change  of  velocity  occurs  in  a  moving  refracting  medium.  In 
the  sun  it  is  supposed  there  exists  a  radially  rising,  selectively  absorbing, 
gaseous  mass,  in  which  a  velocity  gradient  exists  perpendicular  to  the 
radius.  It  therefore  seems  possible  that  under  favourable  circumstances  the 
simultaneous  existence  of  velocity  gradients  and  anomalous  dispersion  in 
gases  that  are  extremely  tare  and  without  density  gradients,  may  give  rise  to 
a  deflection  of  light.  C.  P.  B. 

296.  Anomalous  Dispersion  in  the  Sun.  J.  Everahed.  (Observatory, 
No.  496.  pp.  59-62,  Jan.,  1916.) — From  a  study  of  the  solar  spectrum  wave- 
length given  by  Rowland,  S.  Albrecht  has  suggested  there  is  some  evidence  for 
the  effect  of  anomalous  dispersion  in  the  solar  atmosphere,  giving  a  general 
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shift  towards  the  red.  It  is  shown  by  the  present  author  that  when  direct 
measures  of  sun  and  arc  spectra  photographed  together  are  made,  little  or 
no  evidence  is  found  to  support  Albrecht's  conclusion.  This  direct  com- 
parison has  been  made  by  T.  Royds  at  the  Kodaikanal  Observatory,  and  will 
shortly  be  published.  Attention  has  been  given  to  measurements  of  close 
double  lines,  which  should  show  wider  separation  in  the  solar  spectrum  than 
in  the  arc  if  anomalous  dispersion  is  efiFective.  In  the  ca&e  of  two  test 
doubles  examined,  one  gives  no  difiFerence,  and  the  other  gives  a  difiFerenoe 
in  the  wrong  way.  It  has  been  shown  (Kodaikanal  Observatory  Bull.  No.  86) 
that  the  stronger  solar  lines  are,  in  general,  much  more  shifted  than  the  weak 
lines,  and  this  affords  the  more  likely  explanation  of  the  differences  observed. 
It  is  further  shown  that  if  bands  due  to  anomalous  dispersion  were  present  to 
any  extent,  there  should  be  a  clearly  marked  difiFerence  between  the  width 
and  character  of  the  absorption-lines  and  the  emission-lines  of  the  chromo- 
sphere, but  there  appears  to  be  no  satisfactory  evidence  of  this  in  eclipse 
spectra  or  high-dispersion  solar  spectra.  C.  P.  B. 

207.  Planetary  Phenomena  and  Solar  Activity,  T.  Kdhl.  (Astron. 
Nachr.  No.  4821.  Nature,  96.  p.  521,  Jan.  6,  1916.  Abstract.)— Jupiter's 
northern  cloud  belts  appear  to  be  specially  weak  at  times  of  spot  maxima, 
and  become  broader  and  more  conspicuous  during  minima.  The  secondary 
light  on  the  dark  side  of  Venus  is  mentioned  in  relation  to  the  occurrence  of 
auroral  displays  on  the  earth.  C.  P.  B. 

298.  Nuclei  of  Comet  a  (1916)  Mellish.  H.  E.  Wood.  (Union  of  S. 
Africa  Observatory,  Circ.  No.  81.  p.  240,  Oct.  27, 1916.)— On  1916  June  10,  a 
series  of  four  short-exposure  photographs  on  one  plate  was  obtained  with  the 
Franklin-Adams  Star  Camera,  with  durations  of  1  to  6  mins.  Several  sub- 
sidiary nuclei  arc  visible,  situated  on  a  line  which  is  almost  tangential  to  the 
coma  on  its  south- preceding  side.  Measurements  of  position-angle  and 
distance  are  included.  C.  P.  B. 

299.  Comet  a  {1916)  Mellish.  P.  J.  Melotte.  (Observatory,  No.  496. 
pp.  68-64,  Jan.,  1916.) — Special  interest  seems  to  be  attached  to  this  comet  on 
account  of >  the  presence  of  multiple  nuclei  on  the  photographs  obtained  of  it 
at  various  times.  Barnard  announced  that  he  had  observed  two  supple- 
mentary nuclei,  while  Lowell  observed  four  detached  nuclei  on  May  24, 
receding  from  the  head  at  a  rate  of  4"  a  day.  With  the  present  article  a 
reproduction  is  given  from  a  photograph  taken  at  the  Sydney  Observatory,  on 
June  6,  showing  extra  nuclei.  Measures  of  position-angle  and  distance  are 
given  for  June  6,  6,  8.  Photographs  taken  on  June  20  and  28  show  little  but 
the  head  of  the  comet  with  a  single  detached  condensation.  C.  P.  B. 

300.  Radial  Velocity  of  R  Coronce  Borealis,  H.  Ludendorff.  (Astron. 
Nachr.  No.  4828.  Nature,  96.  p.  621,  Jan.  6, 1916.  Abstract.)— Six  spectro- 
grams of  this  star  were  obtained  during  June  1918,  and  June  1916,  while  the 
object  was  at  normal  brightness.  The  spectrum  resembles  that  of  a  Persei, 
and  no  signs  of  alteration  were  detected.  The  mean  radial  velocity  from 
6  plates  is  given  as  -h  24*8  km.  per  sec.  C  P.  B. 

801.  Precessional  Constant  and  Systematic  Proper  Motions  of  Stars.    E.  F. 

van  de  Sande  Bakhuysen  and  C.  de  Jong.    (K.  Akad.  Amsterdam, 

Proc.  18.  Nos.  4-6.  pp.  688-696, 1916.)— From  the  work  of  Kapteyn  it  is  regarded 

as  established  that  stars  of  a  given  magnitude  are  at  a  greater  mean  distance 
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from  us  in  proportion  as  they  ar«  nearer  the  galactic  plane.  At  the  galactic 
poles  the  mean  parallax  is  f  oond  to  be  a^>oat  H  times  as  great  as  in  the 
galactic  plane  itself.  This  systematic  relation  is  shown  to  ha«e  some  effect 
in  the  determination  of  (he  precessional  constant  and  ol  proper  motions,  and 
by  this  means  it  is  found  possible  to  bring  into  lair  agreement  Newcomb's 
results  for  the  precessional  constant  found  from  RA.  and  Ded.  C.  P.  B« 

302.  Spectra  of  Wolf-Raytt  Siars.  M.  Wolf.  (Astron,  Nachr.  No.  4824. 
Nature,  06.  p.  521,  Jan.  6,  1916.  Abstract.)— In  tiie  case  of  several  Wolf* 
Rayet  stars  their  spectra  are  found  to  show  evidence  of  oscillatory  variability 
similar  in  type  to  that  so  characteristic  of  the  later  stages  of  novae.  These 
are  well  shown  in  the  hydrogen  bands,  especially  Ha ;  the  aA>sorption  lines 
appear  sharp  at  some  times,  at  others  masked  and  weakened.-  C.  P.  B. 

303.  Photoelectric  Photometry  of  a  Cygni.  P.  Guthnick  and  R.  Prager. 
(Astron.  Nachr.  No.  4828.  Nature,  96.  p.  521,  Jan.  6,  1916.  Abstract) — 
Observations  with  a  photoelectric  photometer  confirm  the  suspected  varia- 
bility of  a  Cygni,  the  range  being  0*07  mag.  It  is  also  stated  that  variations 
liave  been  detected  in  a  and  y  Lyras.  C  P.  B. 

304.  Mutual  Repulsion  of  Contiguous  Spectrum  Lines,  J.  Larmor. 
(Observatory,  No.  497.  pp.  108-104,  Feb.,  1916.)— In  reference  to  the  notes  by 
J.  Evershed  and  T.  Royds  [Abs.  296  (1916)]  it  is  pointed  out  that  a  substance 
capable  of  emitting  a  spectrum  line  raises  anomalously  the  index  of  refraction 
of  an  atmosphere,  in  which  it  exists,  for  adjacent  light  on  the  red  side  of  the 
line,  and  lowers  it  on  the  violet  side.  Thus  another  line  very  near  the  line 
above  considered  and  on  its  red  side  will  be  displaced  towards  the  red ;  and 
similarly  a  line  on  the  violet  side  will  be  displaced  to  the  violet.  In  fact  very 
close  spectrum  lines  ought  to  repel  each  other,  subject  to  the  two  lines  repre- 
senting independent  vibrations.  On  this  theory  the  displacement  of  a  line  is 
proportional  to  the  density  of  the  substance  that  is  present  and  is  producing 
the  adjacent  disturbing  Une,  and  this  may  be  of  ^ue  in  the  interpretation 
of  stellar  spectra.  C.  P.  B. 

305.  Structure  of  Third  Cyanogen  Band.  H.  S.  Uhler  and  R.  A. 
Patterson.  (Astrophys.  J.  42.*  pp.  484-468,  Dec,  1915.)— Photographs  of 
the  bands  characteristic  of  the  carbon  arc  in  air,  between  X8590  and  X8888, 
have  been  made  with  the  large  Rowland  grating  spectrograph  at  Baltimore, 
using  Ihe  third-order  spectrum,  and  also  with  an  Anderson  grating  at  Yale 
University,  using  the  second  and  fourth  orders.  Tables  are  given  showing 
the  wave-length  of  the  lines  on  the  international  scale,  with  detailed  reference 
for  the  character  of  such  line  as  regards  its  relation  to  the  band  structure, 
and  special  mention  is  made  of  the  appearance  of  the  so-called  tails  between 
X8658  and  X8128.  Curves  are  given  showing  the  first  differences  of  wave- 
length plotted  against  a  wave-length  scale,  and  a  deviation  from  Deslandres' 
law  is  clearly  indicated.  In  the  resulting  discussion  of  the  bearing  on 
Thiele's  hypothesis  regarding  tails,  it  is  concluded  that  there  is  no  indication 
of  any  of  the  so-called  tails  being  directly  connected  with  the  Xd888  band, 
and  that,  in  agreement  with  Weiss,  the  only  experimental  evidence  of  Thiele's 
hypothesis  is  the  occurrence  of  band  structures  shading  off  towards  the  red, 
and  the  existence  of  maximum  intervals  between  the  lines  of  the  same  series. 

Measurements  of  a  new  band  extending  from  4^280  to  X8840  are  given. 

C.  P.  B. 
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806.  Iron  Arc  Lines  near  Strang  Calcium  <  Ltnes.  E.  G.  Bilham. 
(Astrophys.  J.  42.  pp.  469-472,  Dec.,  1915.) — In  the  standardisation  of 
spectrnm  wave-lengths  various  small  differences  have  been  detected  which 
appear  in  some  way  to  depend  on  the  method  of  production  or  environment 
of  the  light-sources  [Abs,  1481  (1918>,  1988  (1914)].  In  the  present  paper  the 
author  examines  the  possibility  that  a  very  strong  line  due  to  an  impurity  may 
be  capable  of  producing  displacements  of  lines  of  the  predominating  sub- 
stance in  the  immediate  neighbourhood.  Photographs  were  taken  in  the 
third  order  of  a  10-ft.  Rowland  concave  grating,  using  a  carbon  arc  fed  with 
iron  filings,  and  then  again  with  calcium  chloride  added.  A  numl>er  of  iron 
lines  in  the  vicinity  of  the  strong  H  and  K  lines  of  calcium  were  measured  on 
all  the  plates  with  reference  to  selected  standards  given  by  Burns.  Only  two 
iron  lines  show  appreciable  evidence  of  shift,  and  one  is  an  unsymmetrical 
line  difficult  to  measure.  A  shift  of  0*006  A.  was  found  for  the  line  X8970'4, 
which  may  be  due  to  the  proximity  of  the  heavy  impurity  line.  C.  P.  B. 

807.  Catalogue  of  Spectra  of  bS^Taini  Stars.  J.N.Lockyer.  (Hill  ObscrvaL, 
Sidmouth,  Vol.  1,  Bull.  8.  [10  pp.]  Oct.,  1916.)— The  catalogue  is  an  extension 
to  the  fainter  stars  of  the  Kensington  Catalogue  of  the  spectra  of  470  of  the 
bri^ter  stars  published  in  1902.  The  new  spectra  have  been  photographed 
with  the  12-in.  McClean  prismatic  camera  presented  to  the  Hill  Observatory,  in 
conjunction  with  an  objective  prism  of  20°  refracting  angle.  The  spectra  give  a 
dispersion  of  28  mm.  from  H^  to  K.  The  list  gives  for  each  star  the  desig- 
nation, position  for  1900,  magnitude.  Harvard  classification  and  Hill  Obser- 
vatory classification,  the  latter  being  on  the  same  plan  as  is  the  previous 
Kensington  Catalogue,  treating  the  spectra  as  indicating  series  of  ascending 
as  well  as  descending  temperature.  C.  P.  B. 

308.  Variable  Nebula  N.G£.  6729.  H.  K.  Shaw.  (Helwan  Observat 
Bull  16.  Nature,  96.  pp.  675-676,  Jan.  20, 1916.  Abstract.)— From  a  photo- 
graphic study  of  the  fan-shaped  nebula  in  the  vicinity  of  the  variable 
R  Coronae  Australis  it  is  found  that  the  nebula  appears  bright  simultaneously 
with  the  variable.  Selectively  variable  areas  of  the  nebula  have  also  been 
noted.  C.  P.  B. 

309.  Colours  of  Stars  in  Clusters  N.G,C.  1647  and  M.  67.  F.  H.  Seares. 
(Nat.  Acad.  Sci.,  Proc.  1.  p.  488, 1916.  Nature,  96.  pp.  688-684,  Feb.  8, 1916. 
Abstract.)— Summaries  are  given  of  the  colours  of  the  stars  in  the  two  clusters, 
using  the  colour-classes  recently  proposed  by  Hertzsprung  and  Scares.  It 
appears  that  in  neither  cluster  does  the  colour  or  magnitude  vary  with  the 
degree  of  condensation,  but  colour  and  magnitude  also  show  a  decided  inter- 
relationship, more  marked  in  the  cluster  N.G.C.  1647  than  in  M.  67.    C.  P.  B. 

310.  Motions  and  Distances  of  Bright  Stars  of  Type  F.  H.  C.  Plummer. 
(Roy.  Astron.  Soc.,  M.N.  76.  pp.  121-186,  Dec,  1916i)— A  statistical  analysis 
is  made  of  140  bright  stars  of  spectral  type  F,  similar  to  that  made  for  the 
type  A  stars  [Abs.  1890  (1916)].  These  stars  are,  broadly  speaking,  of  two 
classes,  designated  peculiar  and  normal.  It  is  shown  that  a  star  with  peculiar 
spectrum  is  on  the  average  100  times  brighter  than  a  star  of  the  same  type 
with  a  normal  spectrum,  thus  linking  up  the  analysis  with  the  idea  of  giant 
and  dwarf  stars  outlined  by  Hertzsprung  and  Russell.  C.  P.  B. 

311.  Astrographic  Magnitude^  Scales.  H.  H.  Turner.  (Roy.  Astron.  Soc, 
M.N.  76.  pp.  149-157,  Dec,  1916.)— In  continuation  of  former  notes  [Abs. 
278,  824  (1916)]  tabulations  are  given  of  the  counts  of  stars  from  the  Toulouse 
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astrographic  photographs,  grouped  under  their  respective  magnitudes  and 
right  ascension. 

Further  data  from  photographs  taken  at  the  Cape  of  Good  Hope  are 
examined  to  detect  evidence  concerning  the  regions  thought  to  contain 
obscuring  matter,  these  patches  roughly  forming  a  spiral  round  the  sky  whose 
median  line  is  a  +  ^^  » ^260°.  Treating  the  data  harmonically  gives  a  closer 
approximation  to  the  curve.  The  region  of  obscuration  appears  to  be  bounded 
sharply  on  the  side  of  smaller  R.A.  in  the  northern  hemisphere,  and  sharply 
on  the  side  of  greater  R.A.  in  the  southern  hemisphere.  C.  P.  B. 

312.  Distribution  of  Stars  in  Globular  Clusters.  H.  C.  Plummer.  (Roy. 
Astron.  Soc.,  M.N.  76.  pp.  107-121,  Dec,  1916.)— Taking  as  basis  the  counts 
of  stars  in  various  star  clusters  published  by  Bailey,  an  investigation  is  made 
to  determine  how  far  the  arrangement  of  the  individual  stars  follows  a  law 
analogous  to  the  law  of  density  in  a  spherical  mass  of  gas  in  convective 
equilibrium.  In  the  case  of  the  well-known  cluster  w  Centauri  the  gaseous 
law  was  found  to  be  very  closely  followed,  while  in  many  clusters  the  only 
discrepancy  is  in  the  region  of  the  centre,  where  naturally  the  counts  are  less 
reliable.  The  greatest  divergence  from  the  theoretical  distribution  is  in  the 
cluster  M8.  It  is  suggested  that  it  may  be  convenient  to  distinguish  between 
open  clusters  and  those  possessing  a  distinct  nuclear  structure.  C.  P.  B. 

313.  Faint  Stars  with  Large  Proper  Motions,  F.  A.  Bellamy.  (Roy. 
Astron.  Soc.,  M.N.  76.  pp.  102-104,  Dec,  1916.)— From  the  comparison  of 
two  plates  taken  on  1896  April  11,  and  1911  May  24,  details  are  furnished  of 
the  proper  motions  of  9  faint  stars,  the  range  being  from  99  to  26*8  seconds 
of  arc  in  a  century.  C.  P.  B. 

314.  Theory  of  Star-streaming.  J.  H.  Jeans.  (Roy.  Astron.  Soc,  M.N. 
76.  pp.  70-84,  Dec,  1915.) — In  a  detailed  examination  of  the  Schwarzschild 
ellipsoidal  law,  it  is  shown  to  be  possible  only  in  a  universe  of  spherical 
shape  when  a  steady  state  is  considered.  It  is  then  found  that  even  without 
any  restriction  as  to  distribution  law  the  facts  of  star-streaming  as  already 
determined  are  not  consistent  with  the  idea  of  a  universe  in  a  steady  state. 
The  conditions  for  which  the  different  parts  of  a  universe  should  be  dynami- 
cally in  equilibrium  are  also  investigated,  with  the  conclusion  again  that  our 
universe  is  not  in  a  state  of  equilibrium.  C.  P.  B. 

316.  Aurora  Borealis  Observations  at  Bossekop.  C.  St6rmer.  (Terrest. 
Magn.  20.  pp.  169-174,  Dec,  1916.) — In  continuation  of  preliminary  accounts 
of  observations  of  aurorae  made  during  the  spring  of  1918  [Abs.  1286  (1916)] 
a  detailed  discussion  is  now  given  of  material  obtained  on  the  nights  March 
14,  16  and  16, 16,  1918,  during  which  about  100  auroral  photograms  were 
secured.  These,  being  taken  in  duplicate  with  similar  cameras  some  kilo- 
metres apart,  afforded  means  of  accurately  determining  the  heights  of  the 
streamers.  These  calculated  heights  are  collected  in  a  diagram  showing  that 
the  majority  of  the  auroral  points  are  produced  in  a  localised  zone  about 
100  km.  from  the  earth's  surface.  Indications  are  shown  of  two  accumula- 
tions at  heights  of  101  and  106  km.,  and  isolated  aurora  have  given  heights 
up  to  200  km.  Several  interesting  photographs  are  reproduced,  showing  the 
difference  as  seen  at  the  two  stations,  with  identified  stars  for  facilitating 
the  localisations.  A  spectrogram  of  the  aurora  of  March  14,  1918,  is  also 
presented,  but  no  identifications  of  the  bands  are  supplied.  Diagrams  are 
also  given  showing  the  projection  of  the  points  of  the  earth's  surface  lying  in 
the  same  earth-radius  with  each  auroral  point  measured.  C.  P.  B. 
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316.  Achromatoscope.  S.  R.  Williams.  (Am.  J.  Sci.  41.  pp.  101-111, 
Jan.,  1916.) — The  first  part  of  this  paper  discusses  in  some  detail  the  spectral 
bands  obtained  when  the  image  of  a  set  of  Newton's  rings  is  projected  by 
reflection  on  the  slit  of  a  spectrometer.  The  latter  part  deals  with  methods 
of  utilising  such  bands  for  the  study  of  transparent  substances  in  order  to 
find*  achromatic  combinations.  Preliminary  work  in  testing  the  achromacy 
of  various  liquids  would  indicate  that  for  some  purposes  liquid  lenses  might 
be  used  to  great  advantage.  The  liquids  would  have  to  be  held  in  glass 
containers  ground  to  the  proper  curvature  and  having  parallel  walls.  The 
arrangements  adapted  to  testing  substances  for  achromatic  combinations 
have  been  called  achromatoscopes  because  without  the  necessity  of  measur- 
ing the  refractive  indices  we  can  tell  by  inspection  whether  there  is 
achromacy  or  not.  The  various  systems  consist  essentially  of  devices  for 
viewing  two  spectra  in  juxtaposition,  one  of  which  is  a  channelled  spectrum 
from  one  film  and  the  other  is  from  another  thin  film.  Any  comparison 
spectrometer  may  be  used.  If  the  interference  bands  in  both  spectra  are  in 
coincidence  throughout  the  spectra  then  perfect  achromatisation  exists,  but 
perfect  achromatisation  may  be  present  even  though  the  interference  bands 
are  not  in  coincidence.  Any  departure  from  achromatism  can,  however, 
be  detected  most  readily  when  the  nearest  approach  to  coincidence  of  bands 
is  sought  for.  The  type  of  apparatus  advocated  consists  first  of  a  collimator, 
whose  slit  is  illuminated  with  sunlight,  so  that  in  the  resulting  spectra  wave- 
lengths may  be  determined  from  the  Fraunhofer  lines.  Light  from  the 
collimator  falls  on  two  right-angled  prisms  one  on  top  of  the  other.  The 
beam  is  thus  deflected  at  right  angles  in  opposite  directions,  throwing  an 
image  of  the  slit  on  each  of  two  wedge-shaped  films.  The  rays  reflected 
from  the  surfaces  of  the  films  return  to  two  other  prisms,  and  after  reflection 
by  these  are  focused  by  means  of  a  lens  on  to  the  spectrometer  slit.  The 
upper  half  of  the  slit  image  consists  of  light  from  one  film  and  the  lower  half 
of  light  from  the  other  film.  The  films  can  be  moved  parallel  to  their  lengths 
by  means  of  screws  extending  forward  to  the  observer  at  the  eyepiece  of  the 
telescope.  This  affords  a  means  of  changing  the  order  of  interference  in 
either  of  the  films,  and  of  bringing  the  spectral  bands  as  nearly  as  possible 
into  coincidence.  A  very  simple  device  for  mounting  two  films  in  com- 
parison work  is  illustrated.  The  films  are  fastened  edge  to  edge  in  a  frame, 
which  is  placed  before  the  slit  of  the  spectrometer  at  an  angle  of  about  45^ 
with  the  axis  of  the  collimator  tube.  The  sunlight  reflected  from  the  upper 
film  may  be  made  to  illuminate  the  upper  half  of  the  slit,  while  that  from  the 
lower  film  will  illuminate  the  lower  half  of  the  slit.  This  does  not  permit 
shifting  one  film  with  respect  to  the  other,  though  such  an  arrangement  could 
easily  be  made.  A.  W. 

317.  Determination  of  Effective  Aperture  of  the  Stop  of  a  Photographic  Lens, 
Q.  F.  C.  Searle.  (Cambridge  Phil.  Soc,  Proc.  18.  pp.  195-206,  Jan.,  1916.)— 
The  "/"  and  the  U.S.  system  (Uniform  notations)  for  stops  are  first  described. 

When  the  stop  S  is  placed  in  front  of  the  lens  system,  as  was  often  the  case 
in  the  older  photographic  lenses,  its  effective  diam.  for  landscape  work  is 
simply  equal  to  the  actual  diam.  of  the  stop  itself.    A  stop  dees  more  than 
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merely  regulate  the  amount  of  light  passing  through  the  lens.  The  position 
of  a  stop  of  given  aperture  has  an  important  inflvience  upon  the  effects  of  the 
five  "  defects  "  of  a  lens,  viz.  upon  the  effects  of  spherical  aberration,  coma, 
astigmatism,  curvature  of  image  surfaces,  distortion  ;  In  the  case  of  modern 
lenses  consisting  of  two  separated  components,  it  is  found  that  it  is  advan- 
tageous to  place  the  stop  between  the  components,  as  in  accompan3ring  Fig. 
The  effective  diam.  can  be  calculated  from  the  actual  diam.  when  the  position 
of  the  stop  relative  to  the  two  components  and  also  the  optical  constants  of 
the  components  are  known,  but  it  would  be  troublesome  to  obtain  all  these 
data.  It  is  better  to  treat  the  lens  system  as  a  whole,  and  to  arrange  the 
measurements  so  that  there  is  no  need  to  take  the  lens  system  to  pieces.  Let 
S  be  the  stop,  and  let  Ti  be  the  image  of  S  formed  by  the  front  lens  L  ;  then 
S  is  the  image  of  Ti  by  the  same  lens.  Hence,  a  ray  RQi,  which  before  inci- 
dence on  the  lens  L  is  parallel  to  the  axis  AFt,  and  is  directed  to  a  point  Qi 
on  the  edge  of  Ti,  will,  after  traversing  L,  pass  through  P,  the  corresponding 
point  on  the  edge  of  the  stop  itself.  It  is  clear,  therefore,  that  the  distance  of 
the  ray  RQi  from  the  axis  AFt  is  equal  to  the  radius  (a/2)  of  the  effective 
aperture.    If  the  front  lens  L  is  a  converging  lens,  and  if  the  stop  S  lies 


between  L  and  the  focal  plane  of  L,  the  image  Ti  will  be  farther  from  L  than 
S  is,  and  consequently  the  diam.  of  the  aperture  in  the  image  will  be  greater 
than  in  the  actual  stop.  In  the  Fig.,  Ti  is  the  image  of  the  stop  S  formed  by 
the  lens  M.  Each  of  the  rays  RB  and  UC  in  its  path  through  the  system 
passes  actually,  or  at  least  in  direction,  through  (1)  Qi,  (2)  P,  (8)  the  edge  Qt 
of  Tt.  It  will  be  seen  that  Qj  is  the  image  of  Qi  by  the  complete  lens  system. 
First  method, — The  effective  diam.  of  the  stop  is  easily  measured  by  aid  of  a 
microscope  mounted  on  a  sliding  carriage.  The  lens  system  is  firmly  sup- 
ported with  its  axis  horizontal.  The  microscope  is  attached  to  the  carriage 
so  that  its  axis  is  at  right  angles  to  the  direction  of  motion  of  the  carriage,  and 
the  track  on  which  the  carriage  slides  is  placed  so  that  the  axis  of  the  micro- 
scope is  parallel  to  that  of  the  lens  system,  the  two  axes  being  at  the  same 
height  above  the  table.  The  microscope  is  then  focused  through  the  lens  L 
upon  one  end  of  the  horizontal  diam.  of  the  stop,  and  the  sliding  carriage  is 
adjusted  so  that  the  image  of  the  edge  of  the  stop  is  brought  to  coincidence 
with  the  cross-wire  of  the  microscope  or  with  a  selected  dividing  line  of  the 
micrometer  scale.  The  carriage  is  then  moved  along  its  track  so  as  to  bring 
the  image  of  the  other  end  of  the  diam.  to  the  cross-wire  or  to  the  same 
micrometer  division  as  before.  The  distance  through  which  the  microscope 
has  been  moved  is  equal  to  a,  the  effective  diam.  of  the  stop.  Second 
method, — If  a  luminous  point  were  placed  at  the  focus  F|,  the  rays  from  it, 
after  passing  through  the  system,  would  form  a  beam  of  rays  parallel  to  the 
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axis  APf.  If  a  glass  scale  were  placed  against  the  mount  of  the  lens  as  ABC, 
the  diam.  of  the  beam  of  light  could  be  at  once  read  ofiF,  provided  that  face  of 
the  scale  which  rests  against  the  mount  has  a  suitable  matt  surface.  The 
divided  face  of  the  glass  scale  should  rest  against  the  mount  The  diam. 
of  the  bright  patch  on  the  scale  is  equal  to  the  effective  diam.  of  the  stop. 
The  practical  method  of  obtaining  a  beam  of  rays  from  a  small  area  in  the 
focal  plane  is  described.  But,  since  the  rays  do  not  now  proceed  from  a 
point,  the  emergent  beam  will  not  be  made  up  only  of  rays  that  are  parallel 
to  the  axis,  and,  consequently,  the  diam.  of  the  bright  patch  on  the  scale  ABC 
will  no  longer  be  equal  to  the  effective  diam.  of  the  stop.  The  necessary 
correction  is,  however,  easily  found.  Third  method, — ^The  determination  of 
the  distance  BQi  required  by  second  method  may  be  avoided  by  using  two 
plates  with  apertures  of  diams.  di  and  dt.  Let  c\  and  Ct  be  the  diams.  of  the 
corresponding  bright  patches  on  the  matt  surface  of  the  glass  scale.  Since 
c^ais  proportional  to  d, (ci  —  a)l{ct  —  a)  =  dildt.    Thus — 

a(di  ^dt)^  ctdi  —  cidt  =  Ci{di  —  dt)  —  di(Ci  —  Cj), 
and  hence — 

fl  =  ci  —  di{ci  —  Ci)l(di  —  di). 

A  system  for  laboratory  work  is  also  given.  The  mathematics  relative  to 
the  effect  of  distance  of  object  on  effective  aperture  is  dealt  with  in  detail. 

A.E.G. 

318.  Experiments  with  Prism  of  Small  Angle,  Q.  F.  C.  Searle.  (Cam- 
bridge Phil.  Soc.,  Proc.  18^  pp.  166-170,  Jan.,  1916.) — Describes  a  number  of 
laboratory  experiments  made  with  small-angle  prisms,  use  being  made  of  an 
auto-collimating  goniometer  of  simple  design.  The  experiments  form  a  useful 
introduction  to  work  with  lenses.  A.  W. 

319.  Reflection  from  and  Transmission  through  Rough  Surfaces,  A.  F. 
Gk>rton.  (Phys.  Rev.  7.  pp.  66-78,  Jan.,  1916.)— The  original  pages  should 
be  referred  to  for  the  numerous  curves  of  relative  reflecting  powers  of  the 
substances  investigated.  The  author  summarises  his  results  as  follows : — 
(1)  A  study  of  the  reflecting  power  of  matt  surfaces  at  various  angles  of 
incidence  and  of  the  transmission  of  roughened  plates  of  rock-salt,  in  the 
region  0*6/1  to  18/i,  has  been  made  for  the  purpose  of  finding  a  suitable 
screen  for  cutting  off  the  short  waves.  (2)  The  best  results,  in  the  case  of 
reflection,  were  obtained  with  the  finest  surfaces  used  at  rather  great  angles 
of  incidence.  Experiments  showed  that  a  surface  of  plate  glass,  which  had 
been  ground  uniformly  with  the  finest  emery  and  then  silvered,  when  used 
at  an  angle  of  76°,  reflected  90  %  at  4  /i,  approaching  100  %  for  longer  wave- 
lengths, and  only  10  %  at  1  /i,  less  than  6  %  in  the  visible  red,  approaching 
zero  for  the  shorter  waves.  Very  similar  results  were  obtained  for  the  trans- 
mission of  a  plate  of  rock-salt  which  had  been  roughened  merely  by  breathing 
gently  upon  it.  In  both  cases,  the  finer  the  surface  the  more  suddenly  does 
it  cut  off  the  short  waves.  (8)  Increasing  the  angle  of  incidence  was  observed 
to  effect  a  profound  and  curious  change  in  the  reflection  curves  of  polished 
glass,  quartz,  and  Iceland  spar,  which  may  best  be  described  as  a  quasi- 
resolution  of  the  bands  of  metallic  reflection.  This  is  thought  to  be  due  to  a 
change  in  polarisation  at  the  reflecting  surface  {i,e,  a  change  probably  from 
plane-polarised  to  cUiptically-polarised  light). 

A  description  is  given  of  an  infra-red  spectrometer  which  is  believed  to 
possess  better  definition  and  greater  resolving  power  than  is  usually  furnished 
by  instruments  of  similar  type.  L.  H.  W. 
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320.  Theory  of  the  Flicker  Photometer.  H.  E.  Ives  and  E.  F.  Kingsbury. 
(Phys.  Rev.  7.  pp.  149-160,  Jan.,  1916.  Abstract  of  paper  read  before  the  Am. 
Phys.  Soc.,  Oct.  80,  I916.)--It  is  found,  experimentally,  that  with  a  flicker 
photometer : — (1)  DifiFerent  ratios  of  light  to  dark  exposure  under  constant 
illumination  call  for  var3ring  critical  speeds.  At  high  illuminations  a  maxi- 
mum occurs  for  approximately  equal  light  and  dark  intervals,  but  the  curves 
connecting  relative  period  of  light  exposure  and  critical  speed  are  not  sym- 
metrical. (2)  At  low  illuminations,  using  blue  light,  the  maximum  at  equal 
light  and  dark  exposures  is  absent,  the  critical  speed  increasing  continuously 
as  the  ratio  of  the  light  to  the  dark  interval  is  decreased.  (8)  The  relationship 
between  illumination  and  critical  speed  is  represented  by  the  equation,  speed 
=  a  log.  (illumination)  +  6,  where  a  is  a  constant  independent  of  the  relative 
light  and  dark  exposures,  while  b  is  another  constant  varying  with  this  factor. 
(4)  When  a  flickering  illumination  is  superposed  on  a  steady  one,  the  critical 
speed  is  connected  with  the  mean  illumination  by  the  same  equation  as  in  (8) 
above,  but  the  constant  a  varies  with  the  ratio  of  flickering  to  steady  illumina- 
tion. (6)  The  high  sensitivity  of  the  flicker  photometer  is  due  to  the  very  rapid 
increase  in  the  critical  frequency  of  disappearance  of  flicker  on  each  side  of 
the  equality  setting.  (6)  In  a  flicker  photometer  which  exposes  the  compared 
colours  for  unequal  periods,  the  less  exposed  colour  will  be  underrated. 

*(7)  Mechanical  imperfections  in  the  flicker  photometer  field  seriously  shift 
the  equality  point  even  with  no  colour-difference,  and  this  makes  it  necessary 
to  employ  substitution  methods  in  flicker  photometry. 

These  experimental  results  may  be  explained  on  the  theory  that  the 
behaviour  of  the  visual  apparatus  towards  intermittent  light  is  closely 
analogous  to  the  action  of  a  layer  of  matter,  obeying  the  Fourier  conduction 
law,  in  which  the  diffusivity  varies  as  the  logarithm  of  the  intensity  of  the 
illumination,  this  layer  being  exposed  to  the  intermittent  light  in  one  side, 
while  its  condition  on  the  other  side  is  measured  by  an  instrument  whose 
sensitivity  is  governed  by  Fechner's  law.      [See  Abs.  298  and  299  (1915).] 

J.  W.  T.  W. 

321.  Establishment  of  Photometry  on  a  Physical  Basis,  H.  E.  Ives. 
(Frank.  Inst.,  J.  180.  pp.  409-486,  Oct.,  1916.)— The  paper  partly  covers  the 
ground  of  previous  communications  [Abs.  647  and  1641  (1916)].  The  author 
explains  the  distinction  between  photometric  readings  based  on  the  impres- 
sions of  the  eye,  and  readings  of  physical  instruments  (thermopiles,  etc.).  He 
describes  two  instruments  intended  to  serve  as  physical  photometers.  In 
both  cases  the  light  to  be  tested  is  received  on  a  thermopile,  but  special  means 
are  found  to  make  the  response  of  the  thermopile  equivalent  to  visual  effect. 
In  one  case  a  cell  containing  a  special  solution  is  placed  in  front  of  the  instru- 
ment, thus  diminishing  the  radiation  throughout  the  spectrum  in  such  pro- 
portions as  to  give  a  luminosity  curve  identical  with  that  of  the  eye.  In  the 
other  case  the  same  result  is  obtained  by  a  different  method — namely,  by 
forming  the  spectrum  of  the  illuminant  studied,  cutting  down  the  light  at 
each  point  in  the  spectrum  by  means  of  specially  shaped  screens,  and  then 
recombining  the  elements  again.  The  energy  remaining  after  such  a  process 
is  small,  and  the  galvanometer  must  therefore  be  highly  sensitive.  The  phy- 
sical photometer  is  specially  useful  for  measuring  the  absorption  of  solutions. 
Finally  the  author  gives  the  results  of  some  tests  of  the  luminous  efficiency  of 
various  sources.  He  suggests  that  the  above  researches  may  lead  to  a  defini- 
tion of  intensity  of  light  in  terms  of  energy  (measured  as  watts)  of  specified 
composition.  J.  S.  D. 
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322.  Properties  oj  Tungsten  Filaments  and  Mechanical  Equivalent  o]  Light, 
I.  Langmuir.  (Phys.  Rev.  7.  pp.  152-154,  Jan.,  1916,  Abstract  of  paper 
read  before  the  Am.  Phys.  Soc.,  Oct.  80,  1915.) — Measurements  of  volts, 
amps.,  and  candle-power,  expressed  as  functions  of  the  filament  temperature, 
were  made  on  15  specially  constructed  lamps,  correction  being  made  for 
cooling  at  the  ends  of  the  filaments.  The  following  quantities  are  tabulated 
from  the  results  obtained  : — (1)  Specific  resistance,  R.  (2)  Resistance  expo- 
nent nu=zd  log.  Rid  log.  T.  (8)  Watts  radiated  per  cm.*  of  surface  (bulb 
at  298^  K.).  (4)  Watt  exponent  n  ==  d  log.  W/^  log.  T,  where  W=:  watts 
radiated  into  space  at  0°K.  (5)  Total  emissivity.  (6)  Intrinsic  brilliancy 
(candles  per  cm.*).  (7)  Colour,  expressed  as  the  temperature  of  a  black  body 
emitting  light  of  the  same  colour.  Using  Nutting's  visibility  data  the 
mechanical  equivalent  of  light  is  found  to  be  000121  watt/lumen.  [See 
Abs.  888  (1916),  also  Abs.  888  (1916).]  J.  W.  T.  W. 

323.  Arc  and  Spark  Spectra  of  Nickel  under  Pressure.  E.  Q.  Bilhatn. 
(Phil.  Mag.  81.  pp.  168-170,  Feb.,  1916.)-.In  a  recent  paper  [Abs.  1406  (1916)] 
Duffield  has  made  a  detailed  comparison  between  the  results  of  his 
investigation  of  the  effects  of  pressure  on  the  arc  spectrum  of  Ni,  and  those 
of  Bilham  [Abs.  1988  (1914)],  in  which  the  mode  of  excitation  was  the  spark 
between  Ni  electrodes  connected  to  the  secondary  coil  of  a  resonance  trans- 
former. In  the  present  paper  Bilham  criticises  some  of  Duffield's  conclu- 
sions and  points  out  possible  sources  of  error  in  the  latter's  readings  at 
pressures  of  about  10  atmos.  It  appears  that  the  temperature  effect  with  a 
large  grating  mounted  in  the  Rowland  manner,  as  was  employed  by  Duffield, 
might  account  for  the  whole  of  the  observed  discrepancies  between  his 
results  at  10  atmos.  and  those  of  Bilham.  Results  obtained  by  Humphreys 
and  Mohler  also  tend  to  show  that  Duffield's  measurements  at  10  atmos.  are, 
on  the  whole,  too  high.  This  view  then  leads  to  the  conclusion  that  the 
behaviour  of  lines  easily  reversed,  or  tending  to  reverse,  is  approximately  the 
same  whether  developed  in  the  arc  or  spark  under  pressure.  Abnormalities 
or  discrepancies  are  exhibited  by  unreversed  lines.  This  result  is  exactly  the 
opposite  of  that  reached  by  Duffield's  analysis  of  the  data  and  is  supported  by 
the  theory  the  author  gives  concerning  the  part  played  by  the  density  and 
temperature  gradients.  Further  investigation  will  be  necessary  to  decide 
which  view  is  correct.  A.  W. 

324.  Spectra  of  Kathode  Metals.  P.  E.  Robinson.  (Astrophys.  J.  42. 
pp.  478-478,  Dec,  1915.)— Many  workers  with  vacuum  tubes  have  observed 
lines  of  the  metals  composing  the  electrodes  in  the  spectra  of  the  gases  in  the 
tubes.  These  lines  are  strongest  near  the  kathode,  though  in  working  with 
an  induction  coil  they  may  also  appear  at  the  anode,  especially  if  the  inverse 
current  is  marked.  Goldstein  investigated  this  phenomenon  [Abs.  845  (1906)] . 
He  found  that  the  lines  of  many  metals,  15  in  all,  used  as  kathodes,  appeared, 
but  only  if  the  gas  in  the  tube  was  nitrogen,  and  that  the  brilliancy  of  the 
metallic  spectrum  was  greatly  enhanced  by  immersing  the  vacuum  tube  in 
liquid  air.  The  present  paper  records  the  preliminary  results  of  work  along 
the  same  line.  The  final  tube  used,  1*2  cm.  internal  diam.,  was  H-shaped, 
with  four  electrodes  of  different  metals,  one  in  each  branch.  This  made 
possible  the  investigation  of  four  different  metals  under  similar  conditions. 
The  central  portion  of  the  tube  gave  an  end-on  discharge  of  the  gas  free  from 
the  kathode  spectrum.  The  kathodes  were  discs  of  metal  nearly  filling  the 
cross-section  of  the  tube,  and  were  pierced  with  numerous  small  holes.    An 
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induction  coil  capable  of  giving  a  15-cm.  spark  was  employed,  the  voltage  in 
the  primary  circuit  generally  being  18,  occasionally  24  volts.  Variations  in 
the  voltage  did  not  seem  greatly  to  affect  the  production  of  the  kathode 
spectrum,  but  a  condensed  discharge  was  usually  more  effective  than  a  dis- 
charge without  a  condenser.  Early  experiments  showed  that  the  kathode 
should  be  thin.  No  evidence  of  metallic  lines  was  obtained  with  kathodes 
1-2  mm.  thick,  but  later  experiments  lead  to  the  view  that  a  thick  electrode 
pierced  with  numerous  small  holes  might  be  used  successfully.  Increased 
temperature  appears  to  strengthen  the  kathode  spectrum,  although  it  does 
not  seem  necessary  for  its  production.  While  the  kathode  spectrum  is 
obtained  with  most  ease  in  nitrogen,  it  can  be  produced  in  other  gases  as 
well.  For  obtaining  the  spectrum  there  is  a  mo^  favourable  pressure,  which 
varies  with  the  gas  in  the  tube  and  with  the  material  of  the  kathode.  The 
range  of  pressure  over  which  the  kathode  spectrum  is  easily  excited  is  large 
for  nitrogen.  This  probably  explains  in  part  why  Goldstein  should  have 
found  the  kathode  spectrum  in  nitrogen  only.  It  has  now  been  obtained  in 
hydrogen,  in  carbon  monoxide,  and  with  especial  brilliance  in  oxygen.  The 
spectra  have  been  photographed,  and  the  wave-lengths  determined.  The 
spectra  were  found  to  be  the  spark,  rather  than  the  arc,  spectra.  A  com- 
parison of  the  results  with  Kayser's  tables  shows  that  while  in  general  only  the 
stronger  lines  given  by  Ka3rser  have  appeared  in  these  experiments,  yet 
many  strong  lines  have  not,  and  many  faint  ones  have  been  recorded. 
Furthermore,  the  selection  of  lines  and  their  relative  intensities  depend  on 
the  gas  in  the  tube.  The  spectrum  of  copper  is  the  only  one  which  has  been 
examined  at  all  thoroughly.  Al,  Fe,  and  Ag  were  examined  visually.  The 
results  may  be  roughly  summarised  by  saying  that  conditions  favourable  to 
the  sputtering  of  the  kathode  were  found  to  favour  excitation  of  the  spectrum 
of  the  metal  of  the  kathode.  A.  W. 

325.  Absorption  Spectra  of  Blue  Solutions  of  Sodium  and  Magnesium  in 
Liquid  Ammonia.  G.  E.  Qibson  and  W.  L.  Argo.  (Phys.  Rev.  7.  pp.  88- 
48,  Jan.,  1916.) — Kraus  has  shown  that  the  electrical  properties  of  solutions  of 
me^ls  in  liquid  ammonia  can  be  explained  on  the  assumption  that  the  atoms 
of  the  metal  dissociate  into  electrons  partly  combined  with  the  solvent  and 
into  kathions  present  in  solution  of  its  salts  in  ammonia.  Different  metal 
solutions  exhibit  a  blue  colour,  and  the  authors  have  made  measurements  of 
the  visible  absorption  spectra  of  dilute  solutions  of  Na  and  Mg  in  liquid 
ammonia  in  order  to  test  the  assumption  that  the  colour  is  due  to  the 
unsolvated  portion  of  the  electrons  resulting  from  this  dissociation. 

Solutions  of  sodium  and  magnesium  of  the  same  colour  intensity  were 
found  to  have  the  same  absorption  spectrum.  Beer's  law  appears  to  hold  for 
the  total  dissolved  metal.  Qualitatively  the  evidence  obtained  favours  the 
assumption  that  the  absorption  is  due  to  the  unsolvated  electrons,  but 
quantitatively  the  measurements  cannot  be  interpreted  in  terms  Of  Drude's 
theory  of  metallic  dispersion. 

A  Grunbaum  and  Martens  spectrophotometer  was  used  for  measuring 
the  extinctions,  and  the  authors  describe  very  fully  their  special  quartz 
absorption-cell  and  the  details  of  its  manufacture.  C.  S.  G. 

326.  Oxy-hydrogen  Flame  Spectrum  of  Iron,  N.  Lockyer  and  H.  E. 
Qoodson.  (Roy.  Soc,  Proc.  92.  pp.  260-265,  Feb.  1,  1916.)— The  paper 
gives  measurements  of  the  flame  lines  of  iron  taken  with  a  8-in,  Cooke 
prism  spectrograph.  The  spectrum  is  compared  with  that  of  the  iron  arc 
obtained  by  various  experimenters  and  under  different  conditions.    As  a 
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result  the  flame  lines  are  classed  into  three  groups,  A,  B,  and  C,  respectively 
stronger  than,  weaker  than,  and  of  approximately  equal  intensity  to  the 
corresponding  arc  lines.  Further,  reference  is  made  to  the  behaviour  of 
these  three  groups  in  solar,  sun-spot,  and  stellar  spectra. 

The  stellai'  behaviour  of  the  iron  flame-lines  of  group  A  is  exactly  in 
accord  with  their  behaviour  in  the  sun-spot  spectra  as  compared  with  the 
Fraunhoferic,  and  also  just  what  would  be  expected  from  their  laboratory 
behaviour.  C.  S.  G. 

327.  Production  of  Light  by  the  Recombination  of  Ions,  C.  D.  Child. 
(PhU.  Mag.  81.  pp.  189-148,  Feb.,  1916.)— In  a  recent  paper  [Abs.  167  (1915)] 
describing  experiments  on  the  luminous  vapour  distilled  from  the  mercury 
arc  Strutt  reaches  the  conclusion  that  the  light  given  o£F  by  the  vapour 
comes  from  the  positive  ions,  while  the  author  of  the  present  paper  has 
concluded  that  the  light  does  not  come  from  either  the  positive  or  the  nega- 
tive ions  alone,  but  from  the  two  at  the  time  of  recombining  [see  Abs.  820 
(1914)].  Various  reasons  are  now  adduced  in  support  of  this  latter  idea. 
Child  points  out  that  Strutfs  argument  is  not  conclusive,  since  the  rate 
of  recombination  is  not  necessarily  reduced  by  one-half  when  the  number 
of  negative  ions  passing  a  given  point  is  reduced  by  one-half.  The  rate  of 
recombination  depends  on  the  number  in  a  region  at  a  igiven  time,  and  this 
depends  not  only  on  the  number  passing  a  given  point  but  also  on  their 
velocity  after  the  point  is  passed.  If,  for  example,  the  number  of  negative 
ions  passing  a  point  and  the  velocity  with  which  they  move  are  both  reduced 
one-half,  then  the  number  of  ions  per  unit  volume  is  not  changed,  and  the 
rate  of  recombination  is  the  same  as  at  first.  This  explanation  win  meet  all 
the  conditions  of  Strutfs  experiments.  Other  facts  lead  to  the  conclusion 
that  the  number  of  negative  ions  per  unit  volume  between  the  electrodes  is 
very  approximately  the  same  as  that  of  the  positive  ions,  so  that  the  assump- 
tion that  the  light  is  due  to  recombination  is  entirely  reasonable.  The  dis- 
cussion does  not  claim  that  all  light  is  produced  by  recombination.  If,  as 
has  been  found  by  Strutt,  the  luminous  vapours  rising  from  the  As  and  Sb 
arcs  are  not  affected  by  the  electric  field,  there  is  no  reason  to  think  that  such 
light  is  produced  by  the  recombination  of  the  ions,  but  such  an  experiment 
would  prove  equally  well  that  this  light  does  not  come  from  the  positive  ions. 
If  the  light  from  As  and  Sb  vapours  does  not  behave  in  an  electric  field  in  the 
same  way  as  that  from  Hg  and  Na  vapours,  it  seems  more  reasonable  to 
assume  that  the  light  is  produced  by  some  different  mechanism.  A.  W. 

828.  Notation  of  Zeeman  Patterns,  W.  M.  Hicks.  (Phil.  Mag.  81. 
pp.  171-178,  Feb.,  1916.)— The  convenience  of  a  generally  recognised  and 
concise  notation  to  represent  the  configuration  of  the  components  when  a 
spectral  line  is  decomposed  in  a  magnetic  field  is  evident  Runge  has  shown 
that  the  displacements  of  the  various  components  in  a  given  field  are  mul- 
tiples or  sub-multiples  of  a  constant  unit.  The  wave-number  displacement 
chosen  by  him  as  the  unit  is  that  of  the  normal  triplet  The  author  takes  as 
unit  a  value  one-third  of  this,  in  order  to  avoid  the  frequent  appearance  of 
fractions.  Using  the  determination  from  Cd  and  Zn  by  Stellenheimer  the 
constant  is  given  by  lO-^dKfK^H  =  1*584.  As  the  displacements  take  place 
in  general  symmetrically  on  both  sides  of  the  undisplaced  line,  it  is  only 
necessary  to  tabulate  those  on  each  side  and  to  indicate  the  distances  as 
multiples  of  the  unit. 

With  the  notation  suggested  the  patterns  for  the  various  kinds  of  series 
are  shown.  A.  B.  W. 
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329.  Fluorescent  and  Intensifying  Screens.  L.  A.  Levy.  (Rontgen  Soc., 
J.  12.  pp.  18-18  5  Disc.,  18-22,  Jan.,  1916.)— A  considerable  number  of  dif- 
ferent chemical  substances  have  been  employed  from  time  to  time  in  order 
to  produce  the  active  or  fluorescent  coating.  The  substance  which  has  by 
far  the  most  extensive  application  is  the  familiar  barium  platinocyanide. 
The  salt  used  for  fluorescent  screens  is  a  double  cyanide  of  barium  and 
platinum,  BaPt(CN)4, 4HfO,  containing  four  molecules  of  water  of  crystallisa- 
tion. This  substance  is  capable  of  existing  in  three  forms,  all  of  which  are 
chemically  identical,  but  which  nevertheless  display  totally  different  physical 
properties.    The  following  table  gives  the  details : — 

Phjrsical  Properties  Crystalline  A  Crystalline  B  Amorphous 

Colour    Orange  Apple  Green  Brick  Red 

Crystalline  Form ...  Identical  Identical  None 

Fluorescence Very  Feeble  Very  brilliant  None 

The  green  salt  is  50  times  as  efficient  as  the  orange-yellow  crystals. 
These  two  varieties  of  barium  platinocyanide  also  differ  in  their  specific 
gravity.  As  a  result  of  a  large  number  of  experiments,  the  author  has  come 
to  the  conclusion  that  the  differences  must  be  due  to  a  special  case  of 
stereoisomerism,  that  is  to  say  to  a  difference  in  the  method  in  which  the 
individual  atoms,  molecular  groups,  and  molecules  of  water  of  crystallisation 
are  arranged  around  the  central  Pt-atom.  If  some  of  the  crystals  of  the 
green  or  yellow  salt  are  powdered  in  a  mortar  the  powder  turns  to  a  brick- 
red  amorphous  variety,  and  at  the  same  time  loses  its  fluorescence.  It  is 
usually  said  that  the  change  from  the  green  fluorescent  to  the  red  and  non- 
fluorescent  salt  is  due  to  dehydration.  This  is  apparently  borne  out  by  the 
fact  that  the  dehydrate  of  barium  platinocyanide,  with  two  molecules  of  water 
of  crystallisation  instead  of  the  usual  four,  is  brick-red  and  non-fluorescent. 
This,  however,  is  not  the  correct  explanation — the  real  cause  is  the  change 
from  the  crystalline  to  the  amorphous  condition,  and  the  effect  is  the  same 
whether  produced  by  X-rays  or  mechanical  means.  This  change  of  state 
from  crystalline  to  amorphous,  which  also  means  the  progressive  destruction 
of  the  screen,  can  be  inhibited  by  the  use  of  a  special  method  of  preparation 
of  the  salt.  For  this  reason  the  salt  used  for  screen-making  is  totally  different 
from  the  salt  employed  for  exposure  pastilles. 

Zmc  sulphide  is  another  body  which  has  been  used  to  a  small  extent  for 
screen-making.  Zinc  sulphide  prepared  in  the  form  of  hexagonal  crystals 
is  known  as  hexagonal  zinc  blende.  In  this  form  it  displays  fluorescence, 
phosphorescence,  and  other  luminous  characteristics,  and  finds  its  chief 
application  in  the  admixture  with  radium  salts  for  the  manufacture  of 
luminous  dials  for  watches,  etc.  This  form  of  the  substance  displays  a 
considerable  after-phosphorescence  which  renders  it  quite  useless  for  screen - 
making.  This  phosphorescence  can  be  destroyed  by  suitable  treatment  and 
a  fluorescent  substance  results  which  displays  no  phosphorescence.  Screens 
made  of  this  material  respond  very  well  to  very  soft  radiations  and  show  the 
details  of  flowers,  very  fine  pieces  of  Al,  etc.  They  are,  however,  practically 
useless  with  hard  radiation.  For  this  reason,  and  also  because  of  the  peculiar 
orange  colour  of  the  fluorescent  light,  these  screens  have  found  but  little 
application.  The  chief  requisites  of  an  intensifying  screen  are  : — (1)  It 
should  effect  a  considerable  reduction  of  the  time  of  exposure.  (2)  It 
should  yield  negatives  free  from  grain  and  blurring.  (8)  It  should  not 
display  any  appreciable  after-phosphorescence,  as  this  invariably  leads  to 
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fogging  of  the  negative.  The  salt  employed,  calcium  tungstate,  is  specially 
chosen  to  yield  fluorescent  light  of  a  blue  colour,  as  this  has  by  far  the  most 
efiFect  chemically  upon  the  sensitive  emulsion. 

The  radiographs  which  accompany  this  communication  have  been  made 
in  order  to  determine  the  best  method  of  using  intensifying  screens.  A.  £.  G. 

330.  Maximum  Frequency  of  X-rays  at  Constant  Voltages  between  80,000 
and  100,000.  A.  W.  Hull.  (Phys.  Rev.  7.  pp.  156-168,  Jan.,  1916.  Paper 
read  before  the  Am.  Phys.  Soc,  Nov.,  1916.)— Rutherford  [Abs.  1417, 1418 
(1916)]  has  described  experiments  with  a  Coolidge  tube  in  which  the  max. 
frequency  of  X-rays  at  different  voltages  was  calculated  from  the  absorption 
coefficients  of  the  total  radiation  after  a  sufficient  part  of  it  had  been 
absorbed  to  make  the  absorption  coefficient  nearly  constant.  He  found  that 
the  max.  frequencies  determined  in  this  way  did  not  increase  linearly  with 
the  voltage,  but  less  rapidly,  and  reached  a  maximum  at  140,000  volts. 

The  author's  experiments  on  the  same  question  show  no  evidence  of  a 
maximum,  the  frequencies  for  voltages  up  to  100,000  being  given  accurately 
by  the  quantum  relation  ^VssArvnuu.,  Le.  the  max.  frequency  is  a  linear 
function  of  the  applied  voltage.  To  explain  the  departure  from  the  linear 
relation  observed  in  Rutherford's  experiments,  it  is  suggested  that  the 
absorption  method  does  not  give  the  max.  frequency.  This  point  has  also 
been  mentioned  by  Duane  [Abs.  1419  (1916)].  A.  B.  W. 

RADIO-ACTIVITY. 

331.  Life  ofRadtum.  E.  Gleditsch.  (Amer.  J.  Sci.  41.  pp.  112-124,  Jan., 
1916.) — ^The  author  has  made  a  series  of  measurements  of  the  growth  of 
radium  in  solutions  of  ionium  preparations  separated  from  difiFerent  uranium 
minerals — namely :  (1)  from  uranite  (North  Carolina),  (2)  from  clevite 
(Norway),  and  (8)  from  broggerite  (Norway).  The  results  obtained  from 
the  first  two  minerals  indicate  that  the  constant  of  change  of  Ra  has  a  higher 
value  than  the  one  generally  accepted,  8*48  x  10"*(year)-^  Neither  of  them, 
however,  can  claim  a  very  high  degree  of  accuracy  for  reasons  given  in  the 
paper.  The  objections  raised  in  the  case  of  uranite  and  clevite  do  not  apply 
in  the  case  of  broggerite — ^a  mineral  which  is  one  of  the  oldest  uranites,  and 
particularly  free  from  all  alteration  products. 

The  results  obtained  for  the  most  carefully  prepared  solutions  are  : — {a) 
The  disintegration  constant  of  radium  has  a  value  of  4*22  x  10-^year)-*,  and 
414  X  10-^(year)-*.  (b)  The  half-value  period  of  Ra  indicated  is  accordingly 
1642  years  and  1674  years.  The  result  agrees  very  closely  with  the  value 
found  by  Rutherford  [Abs.  180  (1916)] .  A.  B.  W. 

332.  Distribution  of  Transmitted  and  Reflected  ^-Particles,  A.  F.  Kovarik 
and  L.  W.  McKeehan.  (Phys.  Rev.  6.  pp.  426-486,  Dec,  1915.)— It  is 
shown  that  the  statistical  (or  counting)  method  of  determination  used  by 
Geiger  (Manchester  Lit  and  Phil.  Soc,  Proc  66.  p.  20,  1911)  is  quite  satis- 
factory for  accurate  work  on  /3-radiations,  with  proper  methods  of  experi- 
menting and  checks  upon  the  results.  The  authors  have  applied  the  method 
to  the  simultaneous  determination  of  the  distribution  of  the  j3-particles  from 
RaD,  £,  F,  transmitted  and  reflected  by  a  plate  of  Al  of  medium  thickness. 
These  results,  with  those  given  in  a  previous  paper  [Abs.  1269  (1914)] ,  have 
been  interpreted  in  accordance  with  Rutherford's  theory  of  single  scattering 
[Abs.  1847  (1911)].    The  rays  from  a  thick  radiating  plate  emerge  on  the 
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transmission  side  in  a  manner  similar  to  the  emission  of  light  from  a  heated 
solid,  i,€,  according  to  a  cosine  law.  From  the  phenomenon  of  initial 
scattering  described  in  a  former  paper  {he,  cit)  the  authors  have  deduced 
that  the  mean  free  path  between  deflections  in  Al  is  of  the  order  of  10~*  cm. 

A.  B.  W. 

333.  Absorption  of  fi-Pariicles  by  Air  and  COt.  A.  F.  Kovarik.  (Phys. 
Rev.  6.  pp.  419-425,  Dec,  1916.)— A  method  depending  on  the  change  of 
pressure  of  a  gas  has  been  devised  for  measuring  the  absorption  of  j3-particles. 
This  method  consists  of  measuring  the  ionisation  in  a  shallow  ionisation 
chamber  placed  at  a  fixed  distance  from  a  source  of  radiation  within  a  high- 
pressure  vessel :  reducing  the  ionisation  readings  at  various  pressures  to 
that  at  1  atmo.,  measuring  graphically  the  mean  path  of  the  jS-particles,  and 
then,  in  the  usual  manner,  deducing  the  coefficient  of  absorption.  It  is 
found  that  the  absorption  curves  in  gases  are  the  same  in  shape  as  those 
obtained  with  Al-foils.  The  following  tabulated  results  give  the  absorption 
coefficients  in  air  and  COt  for  the  /3-particles  emitted  from  various  radio- 
active substances: — 


Source  of  /9-particles. 


Radium  E  

Actinium  C  +  D   

Thorium  C  +  D 

Uranium  Xt 

Uranium  Xi   

Radium  D 

Radium  D  (very  soft) 

Thorium  B 

Actinium  B 


Cm .->  air. 

Air. 

latmo.anda2<>C. 

(Cm./cin.«)~*. 

0  0162 

12-70 

0-0091 

760 

0-0068 

6-68 

00066 

6-48 

0-12 

100 

0-097 

81 

0-64 

585 

0-090 

75 

0-81 

260 

Cm.-»  COa. 
latmo.aad22°C. 


00297 

00175 

0-0129 

00114 

0*28 

0188 

1-69 

0142 


COa. 

(Cin./cm.«>~i. 


16-81 
9-62 
7-08 
6-26 
126 
101 
980 
78 


The  relations  between  the  ionisations  of  the  soft  and  hard  radiations  were 
computed  by  extrapolation  to  zero  absorber.  This  was  done  for  the  two  soft 
radiations  of  RaD  compared  with  the  efiFect  of  the  radiations  of  RaE  (ratio 
08  for  more  penetrating  /3-rays,  2*4  for  very  soft  rays) ;  soft  and  hard  rays  of 
the  actinium  active  deposit  (ratio  1-14) ;  soft  and  hard  rays  of  the  thorium 
active  deposit  (ratio  2*86) ;  soft  and  hard  rays  of  UrX.  A.  B.  W. 

834.  Structure  of  y-Rays.  J.  Kunz.  (Phys.  Rev.  6.  pp.  418-418,  Dec, 
1915.)— A  mathematical  discussion  of  the  structure  of  the  y-ra)rs  on  the  basis 
of  the  electromagnetic  theory  of  light  in  which  the  endeavour  is  made  to 
visualise  the  process  of  the  modification  of  the  electric  field  as  the  electron 
is  retarded,  stopped,  and  returned  on  collision.  The  article  is  illustrated 
with  diagrams  of  these  lines  at  various  epochs.     [See  Abs.  1607  (1914).] 

E.  H.  B. 

836.  Relation  between  Atomic  Weights  and  Radio-active  Constants,  F.  Q. 
Carruthers.  (Nature,  96.  pp.  565-566,  Jan.  20,  1916.)— Plotting  the  values 
of  "log.  range "  and  **  log.  atomic  weight"  for  all  the  radio-elements  emitting 
aparticles,  it  appears  that  each  group  of  isotopes  gives  a  straight  line,  and 
the  lines  for  the  various  groups  are  approximately  parallel  and  equally 
spaced.  From  these  relations  it  is  deduced  that  the  range  of  the  a-particle 
is  universally  proportional  to  about  the  21st  power  of  the  atomic  weight 
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of  the  element  emitting  it.  The  groups,  arranged  in  the  fashion  indicated 
above,  follow  one  another  in  a  rational  order.  The  above  relationships 
were  detected  as  a  result  of  noticing  first  the  evident  family  resemblance 
between  the  7-ra3rs  in  the  isotopic  groups.  Among  the  )3-rays  something 
of  the  same  sort  is  noticeable,  "/i"  generally  falling  with  increasing  atomic 
weight,  but  for  the  very  soft  j3-rays  /i  is  directly  proportional  to  the  88rd 
power  of  atomic  weight.  A.  B.  W. 

336.  Reflection  of  Slow-moving  Electrons  by  Copper,  A.  W.  Hull.  (Phys. 
Rev.  7.  pp.  1-17,  Jan.,  1916.) — It  is  shown  that  the  electron  reflection  from  a 
copper  surface  roughened  by  prolonged  heating  at  860°  C.  is,  like  that  of 
electrolytic  silver,  very  small,  being  only  10  %  for  electrons  having  a 
velocity  of  0*4  volt.  This  is  explained  by  the  ultramicroscopic  roughness 
of  these  surfaces.  Such  surfaces,  according  to  the  views  advanced  by  the 
author,  should  make  excellent  electric  "  black-bodies  "  for  receiving  electron 
currents. 

The  scattering  of  a  beam  of  slow-moving  electrons  has  been  shown  to  be 
due  to  deflection  by  strong  electric  fields,  and  multiple  reflection  between 
the  plate  and  its  surroundings,  rather  than  to  gas  molecules  or  mutual 
repulsion  of  the  electrons. 

^-Rays  have  been  produced  by  mercury  ions  which  have  fallen  through 
only  12*4  volts.  The  energy  of  the  fastest  of  these  ^-rays  is  approximately 
the  same  as  that  of  the  ions,  suggesting  that  the  energy-exchanges  between 
ion  and  electron  are  governed  by  quantum  relations.  A.  B.  W. 

337.  Radio-active  Deposit  from  the  Atmosphere  on  an  Uncharged  Wire. 
S.  J.  M.  Allen.  (Phys.  Rev.  7.  pp.  133-188,  Jan.,  1916.)~The  author  has 
previously  found  that  a  considerable  amount  of  active  deposit  was  obtained 
in  a  smoky  atmosphere  on  an  uncharged  wire  [see  Abs.  1440  (1908)]. 
Recent  experiments  have  confirmed  this  result.  The  action  seems  to  be 
that  negatively  charged  nuclei  consisting  of  smoke  or  dust  particles  collect 
radio-active  matter  which  is  positively  charged,  and  then  by  diflFusion, 
or  the  action  of  wind,  are  drawn  to  the  uncharged  wire.  Such  deposit  was 
obtained  by  the  author  whether  the  wire  was  insulated  or  earthed.  As  the 
deposit  found  is  of  small  amount  a  long  wire  (860  ft.)  was  employed  in 
conjunction  with  a  sensitive  electrometer.  The  experiments  extended  over 
14  months.  The  duration  of  exposure  of  the  wire  ranged  from  16  hours 
upwards.  It  was  found  from  a  study  of  the  decay  curves  of  the  active  deposit 
that  this  consisted  of  a  mixture  of  the  various  disintegration  products  of 
radinm,  and  that  these  products  were  present  in  widely  different  proportions 
on  different  occasions.  No  definite  evidence  was  found  of  thorium  products 
among  those  collected.  This  was  in  sharp  contrast  with  the  results  ob- 
tained previously  with  a  charged  wire,  when  these  products  were  sometimes 
present  in  proportions  as  great  as  80-40  %.  In  general  it  was  found  that 
when  a  large  amount  of  soot  collected  on  the  wire  there  was  also  a  large 
active  deposit,  though  there  were  exceptions  to  this  rule.  The  effect  of 
rain  was  pronounced.  A  heavy  continued  rain  always  cleared  the  air  of 
the  activity.  J.  S.  Di. 
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338.  Heat  Conductivity  of  Tungsten  Filaments.  I.  Langmuir.  (Phys. 
Rev.  7.  pp.  151-162,  Jan.,  1916.  Abstract  of  paper  read  before  the  Am. 
Phys.  Soc.,  Oct.  80,  1915.)— From  previous  work  [see  Abs.  822  (1916)] 
the  resistance  of  a  tungsten  filament  over  the  range  600°  to  2800*^  C.  is  found 
to  be  expressed  quite  accurately  by  the  equation  R  —  cT**,  where  c  is  a 
constant  and  p  =  l*24.  Similarly  the  watts  radiated  can  be  expressed  as 
W=scT*'  where  w  is  found  to  be  4*96.  If  the  heat  conductivity  (X)  of 
tungsten  is  assumed  independent  of  temperature,  then  the  equation  for  the 
distribution  of  temperature  along  the  filament  near  a  cooling  junction  is 
a\d^Bldx^  -f  e**  =  a",  where  9  is  the  ratio  of  the  temperature  (°  K.)  at  the 
point  Xy  to  that  (T)  at  a  point  far  removed  from  the  cooling  junction,  while 
a(V//)=  v^(RXT),  where  R  is  the  resistance  of  tlie  filament  at  temperature 
T,  and  V//  is  the  potential  gradient  along  the  central  part  of  the  filament. 
Tables  of  9  in  terms  of  xja  are  being  prepared.  Calculation  by  means  of 
this  equation  from  Worthing's  data  on  the  heat  conductivity  of  tungsten  at 
high  temperatures  [see  Abs.  818  (1916)]  gives  X  =  114  watts/cm./degree  at 
a  temperature  of  2410°  K.  It  is  found  that  tungsten  fits  in  as  well  as  most 
other  pure  metals  with  the  Lorenz  law  that  XR/T  is  constant  for  all  metals 
at  all  temperatures.  J.  W.  T.  W. 

339.  A  Method  of  measuring  Heat  Conductivities.  R.  W.  King.  (Phys. 
Rev.  6.  pp.  487-446,  Dec,  1916.) — A  new  method  is  described  which  can  be 
used  for  the  measurement  of  thermal  conductivities  through  a  wide  range  of 
temperature  and  conductivity.  [See  Abs.  1695  (1915).]  The  method  bears 
a  certain  resemblance  to  those  of  Angstrom  and  Neumann,  and,  in  some  of  its 
experimental  features,  to  that  of  Barratt  [Abs.  1991  (1914)].  Periodic  waves 
of  heat  are  propagated  along  a  wire  2*5  mm.  in  diam.,  and  it  is  shown  that  k, 
the  quotient  of  thermal  conductivity  by  the  product  of  density  and  specific 
heat,  is  connected  with  the  velocity,  v^oi  propagation  of  the  heat  wave,  and 
the  period,  T,  of  the  heat  wave,  by  the  relation 


_  J.  mT\v\v\{v\^v%)y!^ 


the  experiments  being  done  in  pairs  while  maintaining  a  constant  value  in 
each  pair  of  the  rate  of  loss  of  heat  from  the  wire.  Results  are  given  for  the 
metals  copper  and  tin,  and  in  the  case  of  the  former  the  conductivity  shows 
a  temperature  coefficient  of  —  000022  between  85°  and  60°  C,  agreeing  with 
the  determinations  of  Jaeger  and  Diesselhorst  for  one  of  their  specimens. 
Experiments  are  proceeding  at  higher  and  lower  temperatures  and  in  a 
magnetic  field.  T.  B. 

340.  Thermal  Conductivity  and  Viscosity  of  Gases.  J.  A.  Pollock. 
(Phil.  Mag.  81.  pp.  62-64,  Jan.,  1916.  Paper  read  before  the  Roy.  Soc.  of 
N.S.  Wales.)— In  the  equation  k  =/ijc,„  expressing  the  thermal  conductivity 
of  a  gas  in  terms  of  the  viscosity  and  specific  heat,  the  coefficient  /  is  a 
numerical  factor  which  is  approximately  constant  for  gases  of  the  same 
atomicity.  Such  a  fact  suggests  the  probability  of  a  relationship  between 
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/and  y,  the  ratio  of  specific  heats.  But  long  before  the  result  just  mentioned 
was  fully  established,  the  probability  of  /  being  a  function  of  y  was  recog- 
nised, though  it  was  not  generally  appreciated.  As  early  as  1876  Boltzmann, 
from  theoretical  considerations,  obtained  the  expression  /=a:8/(y  — 1)/2, 
where  /  is  the  constant  for  monatomic  gases.  It  has  been  known  for  some 
time  that  the  equation  is  physically  inaccurate. 

Recently  new  results  for  the  thermal  conductivities  of  a  number  of  gases 
have  been  published  by  Eucken.  In  connection  with  these,  Euckcn  dis- 
cusses the  dependence  of  /  on  the  properties  of  the  molecule  and  on 
temperature  also.  He  did  not,  however,  consider  the  relationship  of  /  to 
7,  but,  from  the  zero-temperature  values  of  the  thermal  conductivities  and 
viscosities  given  by  him,  a  relation  appears  to  exist  between  the  two  factors 
which  can  be  expressed  by  an  equation  of  the  form /=a(y  —  l)/y«,  where 
a  and  n  are  constants.  With  provisional  approximation  this  may  be  written 
^=7-82(7  — l)/y*».  This  formula  shows  fair  agreement  with  experimental 
results  for  argon,  hydrogen,  nitrogen,  oxygen,  and  C0|.  [See  Abs.  636  (1912) 
and  1801  (1918).]  E.  H.  B. 

341.  On  the  Cooling  of  Cylinders  in  a  Stream  of  Air,  J.  A.  Hughes. 
(PhiL  Mag.  81.  pp.  118-180,  Feb.,  1916.)— Experiments  were  made  on  the 
loss  of  heat  from  cylinders  and  a  tube  of  stream-line  section  when  maintained 
at  100°  C.  and  exposed  to  air  currents  of  different  velocities.  The  tube  under 
test  was  placed  across  the  middle  of  a  square  channel  of  8  ft  side  and  10  ft. 
long  through  which  air  was  drawn  by  a  fan,  the  average  wind  velocity  being 
obtained  from  experiments  with  a  Pitot  tube  and  gauge.  Steam  was  passed 
through  the  tube  and  the  heat  lost  estimated  from  the  weight  of  steam  con- 
densed when  the  steady  state  had  been  attained.  Five  cylindric  tubes  were 
experimented  on,  their  diams.  ranging  from  0*48  to  15*5  cm.,  while  the  wind 
velocity  varied  from  2  to  14  m.  per  sec.  The  results  showed  {a)  that  at  all 
velocities  H,  the  loss  of  heat  per  cm.  length,  was  proportional  to  cP^^ ;  (6)  that 
at  di£Ferent  speeds  H  is  proportional  to  if,  where  n  increases  from  0*66  for 
the  smallest  cylinder  to  0*98  for  the  largest.  This  brings  into  agreement 
the  results  obtained  by  previous  workers  who  had  found  n  s  1  for  large 
bodies  le,g.  Reynolds]  and  »  =  0-6  for  wires  [Abs.  1993  (1914)].  If,  however, 
the  velocity  was  low,  n  appeared  to  be  smaller,  about  0*6. 

The  stream-line  tube  had  a  perimeter  of  28*1  cm.  and  a  max.  thickness  of 
2  cm.  H  was  found  to  be  slightly  greater  than  for  a  circular  tube  of  the  same 
total  area  and  very  much  greater  than  for  a  tube  of  the  same  (max.)  thickness 
or  air-resistance.  The  loss,  too»  was  greater  when  the  blunt  end  faced 
the  wind.  D.  O.  W. 

342.  Simple  Demonstration  of  the  Reduced  Vapour-pressure  over  a  Solution. 
A.  T.  Jones.  (Science,  48.  p.  78,  Jan.  14,  1916.) — Two  crystallising  dishes 
about  5  cm.  in  diam.,  half  filled  with  water  and  with  a  solution  of  sodium 
chloride  (1  gm.  salt  to  6  gm.  of  water)  respectively,  were  placed  under  a  bell- 
jar.  The  latter  rested  on  a  plate  of  glass  and  the  junction  was  made  air-tight 
by  means  of  vacuum  wax.  After  standing  in  a  room  at  the  ordinary  tempera- 
ture from  Jan.  to  March,  the  surface  of  the  solution  stood  about  9  mm.  higher 
than  that  of  the  water,  although  at  the  commencement  the  two  levels  were 
about  the  same.  A.  F. 

843.  Reaction  between  Gas  and  Pole  in  the  Electrical  Ignition  of  Gaseous 
Mixtures.     W.  M.  Thornton.    (Roy.  Soc,  Proc.  92,  pp.  9-22,  Oct.  1, 
1915.)— With  mixtures  of  ethane  or  CO  with  air,  the  ease  of  ignition  at 
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atmospheric  pressure  by  d.c.  break-sparks  varies  with  the  metal  of  the  poles, 
increasing  in  the  order  Pt,  Cu,  Ni,  Fe,  Al ;  with  CO-air  mixtures  rich  in  CO, 
Cu  and  Pt  change  places.  When  alternating  current  is  used,  the  order  is 
Cu,  Fe,  Ni,  Al,  Pt.  For  the  mixtures  containing  7  %  of  ethane  or  42*6  %  of 
CO,  the  igniting  currents  in  amps,  are  as  follows  : — 


MetaL 

ContlnuotM  Current,  100  volts. 

Alternating  Current  900  volts,  40  cv>. 

Ethane,  7%. 

CO,  42-6  %. 

Ethane,  T%. 

CO,  42-6%. 

Pt 

198 

0-90 

2-6 

2-6 

Cu 

1-66 

110 

9-7 

9-7 

Ni 

1-47 

106 

8-7 

4-7 

Fe 

1-88 

0-86 

7-6 

7-6 

Al 

116 

0-82 

1             2-9 

8-2 

Experiments  were  also  made  with  jump-sparks,  i.e.  the  single  disruptive  dis- 
charge through  a  gas  from  condensers  or  from  the  secondary  of  an  induction 
coil,  the  primary  circuit  of  which  is  made  or  broken  with  the  trembler 
locked  ;  in  this  case  only  mixtures  of  coal-gas  and  air  were  examined.  With 
jump-sparks,  the  ease  of  ignition  with  different  poles  increases  in  the  order 
Ni,  Fe,  Al,  Pt,  Cu,  and  with  condenser  break-sparks  in  the  order  Cu,  Fe,  Ni, 
Al,  Pt. 

From  these  results  it  is  concluded  that  the  order  of  difficulty  of  ignition 
by  d.c.  break-sparks  is  that  of  the  density  of  the  poles ;  that  by  alternating 
or  condenser  discharge  sparks  it  is  proportional  to  the  rate  of  heating  of  the 
points  of  contact,  and  that  by  jump  or  long  disruptive  discharge  sparks  it 
varies  with  the  tenacity  of  the  material  of  the  poles.  With  carbon  poles, 
condenser  discharge  in  coal-gas  has  most  efiFect  upon  the  hydrogen,  longer 
disruptive  discharge  upon  the  methane.  T.  H.  P. 

344.  Heats  of  Neutralisation  and  the  Theory  of  Quanta,  A.  Heydweiller. 
(Ann.  d.  Physik,  48.  6.  pp.  681-692,  Nov.  80,  1915.)— Among  the  valuable 
relationships  between  optical  and  thermal  constants  which  Planck's  quanta 
theory  has  supplied  is  one  between  the  thermal  change  attending  chemical 
transformations  and  the  accompanying  alteration  in  optical  properties,  which 
may  be  explained  on  the  electron  theory  by  change  in  the  electronic  oscilla- 
tion periods.  Researches  on  the  electronic  optics  of  water  ions  have  led  the 
author  to  opine  that  in  ionic  reactions,  especially  where  electrolytic  disintegra- 
tion of  molecules  or  ionic  combinations  take  place,  the  optical  changes 
attending  the  same  may  be  completely  traced  to  the  change  in  oscillation 
period  of  the  valency  electrons.  Haber  had  first  directed  attention  to  this 
subject,  but  his  work  on  heats  of  formation  and  transformation  of  salts  had 
been  carried  out  with  substances  in  the  solid  state.  Although  simpler  relation- 
ships occur  in  solution,  yet  the  necessary  experimental  support  has  not  been 
forthcoming.  The  author  here  attempts  to  remedy  this  defect.  For  estab- 
lishing the  theoretical  standpoint,  the  heat  of  union  of  the  ions  H  and  OH  is 
especially  suitable  since  as  heat  of  neutralisation  it  has  been  very  accurately 
measured,  while,  in  contrast  to  the  heats  of  combination  of  most  inorganic 
ions,  it  possesses  a  magnitude  which  leads  us  to  anticipate  a  not  inconsiderable 
change  in  electronic  frequency,  thereby  allowing  of  more  exact  measurement. 
Finally,  especially  exact  observations  can  be  made  on  the  optical  prop)erties  of 
fluid  water  for  estimating  the  oscillation-number  of  electrons  in  the  water 
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molecule.  The  paper  contains  a  theoretical  discussion  of  the  various  points 
raised.  It  was  necessary  to  determine  afresh  the  various  constants  for  ionic 
refraction,  such  as  density,  refraction,  and  electric  conductivity  of  alkali 
hj^roxide  solutions  of  different  aqueous  concentrations,  on  account  of  former 
results  being  too  meagre  for  the  purpose  required.  The  hydtoxides  of  Li, 
Na,  K,  and  Rb  at  6  to  8  different  concentrations  were  employed.  Full  expe- 
rimental details  are  given  supplemented  by  tables  of  results.  Agreement  was 
obtained  as  anticipated,  but  the  author  points  out  difficulties  which  would 
attend  an  extension  of  the  experiments  to  other  substances.  H.  H.  Ho. 

345.  A  Criticism  on  van  der  Waals*  Equation  and  some  New  Equations  derived 
therefrom.  J.  Kam.  (Phil.  Mag.  81.  pp.  22-86,  Jan.,  1916.)— In  this  paper 
the  author  takes  for  granted  that  the  factors  "  a  "  and  **  b  "  of  van  der  Waals' 
equation  have  the  following  effects:  ^*a"  of  diminishing  the  gas-pressure 
towards  the  exterior  with  a  value  Pi  =:a/V*,  the  "  Inward  Pressure" ;  "6"  of 
increasing  that  pressure  at  the  rate  V/(V  —  6).  Two  separate  factors  b  and 
/3  are  used  in  place  of  van  der  Waals'  factor  **  b,"  where  b  is  the  volume  of  N 
molecules  filling  a  volume  ^  =  (V  +  ^)  at  a  pressure  ir=RTA^,  and  p  the 
volume  of  Ni  mols.  filling  the  volume  V  at  the  same  temperature  and  pressure. 
Consequently  6  is  a  constant,  p  a  variable ;  for  the  smaller  V  is  (i,e,  the  greater 
the  compression),  the  less  the  number  of  molecules  required  to  exert  a  pressure 
IT  =  RT/V.  Hence  the  inverse  value  of  V  at  any  pressure  x  =  RT/V,  is  not  the 
density  1/V,  but  the  density  1/(V  +  6),  which  as  "  6 "  is  a  constant  increases 
less  rapidly  than  the  volume  V  decreases.  For  small  values  of  V  these  factors 
deviate  considerably.  The  criticism  is  then  based  upon  this  standpoint  and  a 
number  of  interesting  deductions  are  made.  For  example,  the  density  at  the 
critical  state  is  for  all  substances  2/8  of  the  theoretical  density.  The  gaseous 
laws  again  hold  good  for  the  critical  state.  The  critical  "  Inward  Pressure  " 
and  critical  pressure  are  equal,  a  deduction  confirmed  by  two  independent 
methods,  and  a  natural  consequence  should  be  the  disappearance  of  surface 
tension  and  latent  heat  of  vaporisation  at  the  critical  point,  since  the  cohesive 
forces  would  be  compensated  by  the  thermic  pressure. 

The  whole  subject  is  treated  in  great  detail.  H.  H.  Ho. 

346.  Planck's  Radiation  Formula  deduced  from  Hypotheses  suggested  by 
X-ray  Phenomena.  W.  Duane.  (Phys.  Rev.  7.  pp.  148-147,  Jan.,  1916. 
Abstract  of  paper  read  before  the  Amer.  Phys.  Soc.,  Oct  80, 1915.) — From 
general  observations  on  X-ray  investigations  the  author  is  led  to  the  general 
conception  that  radiation  of  all  frequencies  is  produced  by  the  bombardment 
of  atoms  by  electrons.  A  discussion  is  given  on  the  distribution  of  energy  in 
the  spectrum  of  black-body  radiation  at  constant  temperature  on  the  following 
fundamental  assumption  :  Some  of  the  electrons  in  a  radiating  body  fly  about 
more  or  less  freely,  hitting  the  atoms  and  thereby  producing  the  radiation  ; 
and  the  number  </N  of  these  electrons  per  cm.'  that  have  speeds  lying  between 
V  and  v-^dvis  given  by  Maxwell's  distribution  law,  viz.,  rfN  =  Atf"~*'*'"*if»rfv, 
where  A  is  a  constant  at  a  given  temperature,  and  a,  the  most  probable 
velocity,  is  connected  with  the  mass  of  an  electron  and  the  temperature  T 
by  the  equation  ^me^  =  kT,  k  being  the  well-known  constant. 

The  following  hypotheses  are  now  put  forward  :  (1)  When  an  electron 
produces  radiation  by  hitting  an  atom,  the  frequency  v  of  the  radiation  is  given 
by  the  equation,  Energy  =  \  m^  =  hv.  (2)  When  electrons  of  speed  v  produce 
X-rays  by  hitting  atoms,  the  energy  radiated  per  hit  is  proportional  to  the 
fourth  power  of  the  speed ;  that  is,  it  is  equal  to  s  /r«,  /  being  a  constant. 
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Using  the  above  relations  Wien's  equation  (dE  =  C^'"*''^*^v'<fv)  is  deduced. 
Extending  the  "  frequency  hypothesis  "  [No.  (1)  above]  to  Energy = Jmi>* = nhv 
(where  n  may  be  any  positive  integer);  and  the  "energy  hypothesis"  to 

(i^dv    \ 
dE=zC  -j^^Tjf^j  j  is  at  once 

obtained.    The  discussion  in  the  paper  applied  to  the  general  radiation  and 
not  to  the  characteristic  radiation.  A.  B.  W. 

347.  Quantum  Hypothesis  for  Molecules  with  Several  Degrees  of  Freedom. 
M.  Planck.  (Deutsch.  Phys.  Gesell.,  Verb.  17.  22.  pp.  407-418,  Nov.  80, 
1915.)— Beginning  with  the  well-known  fundamental  relations  dSjdV  =  1/T 
and  S  =  A  log,  W,  the  author  proceeds  to  introduce  the  possibility  of  a  rigid 
molecule  rotating  about  a  fixed  axis  for  which  its  moment  of  inertia  is  J.  It 
is  then  shown  that  the  mean  energy  in  the  nth  elementary  region  is  given 
by  Un  =  (/'V8ir«J)/(n*  +  n  + 1/2),  and  that  the  thermodynamic  function  «^  in  the 
stationary  state  is  expressed  by  ^=  N)i  log,  S*(2« +  l)r-(«" +«+!/«)',  where 
<r  =  A«H-(87r«JAT).  E.  H.  B. 

348.  Quantum  Hypothesis  for  Molecules  with  Several  Degrees  of  Freedom. 
II.  M.  Planck.  (Deutsch.  Phys.  Gesell.,  Verb.  17.  24.  pp.  488-461,  Dec.  81, 
1916.)— In  this  second  and  concluding  paper  [see  preceding  Abs.]  the  author 
discusses  in  considerable  detail  the  general  case,  the  results  being  embodied 
in  70  equations,  some  being  very  complicated.  Cases  of  special  note  are 
presented  at  the  close  for  the  energy  at  extreme  low  temperatures.  Thus  the 
zero-point  energy  for  oscillators  with  three  degrees  of  freedom  is  found  to  be 
U  =  N/tw/2T .  6/8,  which  is  not  8  times  but  8^  times  that  of  the  rectilinear 
oscillator ;  whereas  the  zero-point  energy  for  plane  oscillators  is  shown  to 
be  just  8  times  that  for  rectilinear  ones.    [See  preceding  Abs.]  E.  H.  B. 

349.  Entropy  Constants  of  Diatomic  Gases,  M.  Planck.  (Deutsch.  Phys. 
Gesell.,  Verb.  17.  22.  pp.  418-419,  Nov.  80, 1916.) — A  mathematical  discussion 
on  the  above  subject  in  reply  to  Tetrode.    [See  Abs.  1292  (1916).]     E.  H.  B. 

350.  Quantum  Hypothesis.  J.  Ishiwara.  (Math.  Phys.  Soc,  TOkyO, 
Proc.  8.  pp.  818-827,  Dec,  1916.)— A  mathematical  discussion  of  the  funda- 
mental theorem  of  the  quantum  theory  in  reply  to  a  paper  by  M.  Wolfke. 
[See  Abs.  1192  (1916),  and  97  (1916).]  E.  H.  B. 

361.  Quantum  of  Action.  W.  Wilson.  (Phil.  Mag.  81.  pp.  165-162, 
Feb.,  1916.)— A  comparison  of  the  author's  form  of  the  quantum  hypothesis 
and  that  adopted  by  J.  Ishiwara..    [See  Abs.  878  (1916)  and  preceding  Abs.] 

E.  H.  B. 
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352.  Discontinuous  Wave  Motion.  C.  V.  Ratnan  and  S.  Appaswa- 
tnaiyar.  (Phil.  Mag.  31.  pp.  47-51,  Jan.,  1916.) — An  analytical  discussion  of 
the  principal  mode  of  vibration  of  a  bowed  string  as  ascertained  from  the 
form  of  its  vibration  curves,  leads  to  the  result  that  at  two  epochs  in  each 
period  of  vibration  the  string  should  pass  as  a  whole  through  its  position  of 
statical  equilibrium,  alternately  in  opposite  directions.  At  the  first  epoch, 
according  to  the  analysis,  the  velocity  at  every  point  on  the  string  is  pro- 
portional to  its  distance  from  one  end,  there  being  a  discontinuous  fall  of  the 
velocity  to  zero  at  the  other  end.  At  the  second  epoch  the  state  of  matters 
is  reversed,  the  motion  being  such  that  the  velocities  are  proportional  to  the 
distances  from  the  farther  end,  the  discontinuous  fall  being  at  the  nearer 
end.  These  results  are  of  importance  as  defining  the  essentially  discontinuous 
nature  of  the  motion  involved,  but  it  is  noticed  from  the  literature  of  the 
subject  that  they  are  obtained  by  an  elaborate  and  indirect  analytical  process 
from  the  observed  form  of  the  vibration-curves,  and  had  not  previously 
received  direct  experimental  confirmation.  This  is  now  given  in  the 
following  way. 

The  mode  of  vibration  of  the  string  is  evidently  determined  by  its  con- 
figuration and  its  velocities  at  either  of  the  two  epochs  referred  to  above.  If, 
therefore,  it  is  possible  directly  to  impose  at  every  point  of  a  finite  string  in 
its  position  of  equilibrium  the  initial  distribution  of  velocities  with  a  dis- 
continuity at  one  end  as  indicated  by  the  analysis,  the  resulting  free  oscilla- 
tions should  have  the  same  characteristic  vibration  curves  as  a  bowed  string. 
It  was  found  possible  successfully  to  realise  these  conditions  in  an  experi- 
ment by  arranging  that  a  stretched  string  has  initially  a  uniform  angular 
velocity  about  one  end,  and  that  in  the  course  of  this  motion  one  point  on  it 
impinges  upon  and  is  suddenly  brought  to  rest  by  a  fixed  stop  or  bridge 
provided  for  the  purpose.  The  length  of  string  between  the  fixed  end  and 
the  bridge  is  thus  isolated,  and  photographic  records  of  the  vibration-curves 
secured  in  the  usual  way  entirely  confirmed  the  analysis.  E.  H.  B. 

363.  Propagation  of  Sound  in  Narrow  Tubes  of  Variable  Section,  Rayleigh. 
(Phil.  Mag.  81.  pp.  89-96,  Feb.,  1916.)— Under  this  head  there  are  two  oppo- 
site extreme  cases  fairly  amenable  to  analytical  treatment,  namely  ;  (1)  when 
the  changes  of  section  are  so  slow  that  but  little  alteration  occurs  within  a 
wave-length  of  the  sound  propagated,  and  (2)  when  any  change  that  may 
occur  is  complete  within  a  distance  small  in  comparison  with  a  wave- 
length. 

The  analytical  solution  of  the  first  case  (to  a  certain  degree  of  approxi- 
mation) shows  that  the  reflection,  if  any,  is  at  most  of  the  second  order  of 
smallness,  and  that  the  intensity  of  the  transmitted  sound  equals  that  of  the 
incident  sound  if  the  tube  recovers  its  original  diameter.  The  phase  of  the 
transmitted  sound  shows  rather  unexpectedly  a  linear  acceleration. 

The  second  problem,  dealt  with  to  a  certain  degree  of  approximation, 
yields  Poisson's  formula?  B/A  =  («ri  —  <rf)/(<Ti  -h  <t,),  C/A  =  2<ti/(<ti  -h  as),  in 
which  A,  B,  and  C  are  the  amplitudes  of  the  incident,  reflected  and  trans- 
VOL.  XIX.— A.— 1916.  K 


Digitized  by  VjOOQIC 


122  SCIENCE  ABSTRACTS. 

mitted  sounds,  and  vi,  vt  are  the  sections  of  the  tubes  before  and  after  the 
change.  A  still  closer  approximation  is  then  made  which  modifies  the  above 
formulae,  the  chief  efiFects,  however,  being  upon  the  phases  of  the  reflected 
and  transmitted  waves.  £.  H.  B. 

864.  Transmission,  Reflection,  and  Absorption  of  Sound  by  Different  Materials. 
F.  R.  Watson.  (Ph3rs.  Rev.  7.  pp.  126-182,  Jan.,  1916.)— In  this  experi- 
mental work  the  source  of  sound  was  an  adjustable  whistle  blown  by  air 
from  a  constant-pressure  tank  and  mounted  at  the  focus  of  a  parabolic 
reflector  of  5  ft.  aperture  and  9  in.  focal  length.  The  receiver  of  sound,  a 
Rayleigh  resonator,  was  mounted  on  the  far  side  of  the  sound  obstacle  for 
testing  its  transmission  or  on  the  near  side  for  reflection.  It  was  found  that 
the  transmission  of  sound  of  constant  pitch  depends  on  at  least  three  quali- 
ties of  the  material — its  porosity,  density,  and  elasticity.  A  barrier  of  paper- 
jined  hair-felt  showed  reflections  and  transmissions  which  are  fluctuating 
functions  of  the  thickness  in  use,  somewhat  like  the  interference  of  light  at 
thin  plates.  E.  H.  B. 

356.  Sound  Measurement.  H.  Zwaardemaker.  (K.  Akad.  Amster- 
dam, Proc.  18.  pp.  165-170,  Sept.  8,  1916.)— The  author  describes  the 
measurement  of  the  intensities  of  sounds  by  various  forms  of  the  Rayleigh 
disc.  In  earlier  work  the  disc  or  mirror  was  set  in  the  required  oblique 
position  by  a  magnetic  control.  But  this  has  been  replaced  by  a  bifilar 
suspension,  and  finally  by  a  long  Wollaston  fibre,  flattened  or  not  [See 
Abs.  1128  (1908).]  E.  H.  B. 

366.  Resonance  of  Sonorous  Bodies.  G.  Sizes.  (Comptes  Rendus,  161. 
pp.  781-784,  Dec.  20,  1916.) — In  the  present  paper,  the  very  large  array  of 
inferior  and  superior  harmonics  previously  recognised  by  the  author  are 
classified  into  three  groups.  These  form  the  general  scale,  the  partial  medial 
scale,  and  the  partial  scale  of  the  predominant  sound.  £.  H.  B. 

357.  Theory  of  Helmholtz  Resonator.  Rayleigh.  (Roy.  Soc,  Proc.  92. 
pp.  266-276,  Feb.  1,  1916.) — ^An  analytical  treatment  using  the  appropriate 
spherical  (Legendre's)  functions.  It  was  hoped  that  this  would  give  a  closer 
approximation  than  the  previous  treatment  and  also  prove  easier  to  follow. 
The  results  differ  slightly  from  those  given  in  the  author's  "Theory  of 
Sound,"  §  811.  E.  H.  B. 

358.  After-sounds.  F.  Roels.  (K.  Akad.  Amsterdam,  Proc.  18.  Nos.  4-6. 
pp.  811-619, 1916.) — Gives  the  results  of  a  series  of  tests  as  to  after-sounds 
heard  in  the  special  silence  camera  after  a  variety  of  different  stimuli  from 
Galton  and  Edelmann  whistles.  These  after-sounds  are  plainest  for  a  dura- 
tion of  2  to  80  sees.,  and  are  higher  in  pitch  than  that  of  the  stimulus. 
Another  interval  of  2  to  80  sees,  is  often  filled  by  a  second  after-sound  lower 
than  the  first,  and  mostly  of  longer  duration.  E.  H.  B. 
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THEORY,  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

859.  ElectromagneUc  Units.  M.  Ascoli.  (Elettrotecnica,  2.  pp.  781-789, 
-Nov.  25, 1915.) — Confusion  arises  under  any  L.M.T.  system  of  units  :  we  need 
at  least  five  fundamental  quantities.  Of  those  which  appear  in  the  funda- 
mental equations  any  five  may  be  chosen.  If  we  attend  to  this  we,  for 
instance,  avoid  the  error  of  supposing  that  magnetic  field  and  magnetic 
induction  (in  e.-m.  measure)  are  capable  of  being  measured  in  the  same 
•units.  According  to  the  particular  pentad  chosen  so  would  be  the  resultant 
-dimensions  of  particular  quantities ;  but  the  resultant  systems  would  not  be 
in  any  sense  out  of  harmony  with  one  another.  The  distinction  between 
.numerical  equations  and  equations  of  relation  has  to  be  kept  in  view, 
'illustrations  are  given  from  dynamics  as  well  as  from  electro-magnetism. 

A.  D. 

360.  Conduction  of  Electricity  through  Metals.  J.  J.  Thomson.  (Inst, 
^f  Metals,  J.  14.  pp.  8-20,  1915.    Nature,  96.  pp.  494-499,  Dec.  80,  1915. 

Abstract.)— [See  Abs.  1085  (1915).] 

361.  Electric  Potential  Gradient  of  the  Atmosphere  at  Rio  de  Janeiro.  H. 
Morize.  (Terrest.  Magn.  20.i  pp.  176-186,  Dec,  1915.)— Describes  the 
instrument  which  has  been  in  use  since  1909  for  obtaining  relative  values  of 
■potential  gradient.  It  consists  of  an  Armet  de  Lisle  radio-active  disc  in  con- 
junction with  a  Benndorf  electrometer.  Owing  to  the  high  degree  of  atmo- 
spheric humidity  special  difficulties  were  experienced  with  the  insulation 
-and  special  precautions,  which  are  described  in  the  paper,  had  to  be  taken  to 

mitigate  them.  It  has  not  yet  been  found  possible  to  obtain  absolute 
•values  of  the  potential  gradient  Tables  are  given  of  mean  hourly  values  for 
.each  quarter  of  the  year  from  Sept.  1910,  to  Aug.  1914,  computed  from  the 

records  of  *'calm"  days  only,  and  harmonic  coefiicients  for  the  diurnal 
nrariation  are  also  given.    The  chief  characteristics  of  the  diurnal  variation 

.are,  a  marked  minimum  between  2  a.m.  and  8  a.m.,  and  a  maximum,  less 
.marked,  between  10  a.m.  and  noon.  R.  C. 

DISCHARGE  ^ND  OSCILLATIONS. 

362.  Relations  of  Photo- potentials  of  Different  Metals  when  stimulated  by 
Light  of  a  Given  Frequency.  A.  E.  Hennings  and  W.  H.  Kadesch. 
v{Phys.  Rev.  7.  pp.  147-148,  Jan.,  1916.  Abstract  of  paper  read  before  the 
Am.  Phys.  Soc.,  Oct.  80, 1915.)— The  six  metals,  Mg,  Al,  Sn,  Cu,  Fe,  and  Zn, 
have  been  studied,  a  spectral  line  from  a  mercury  arc  being  the  particular 
frequency  employed.  The  curves  relating  p.d.  with  photo-current  indicate 
-the  existence  of  a  max.  velocity  of  emission.  For  a  given  frequency,  the 
-curves  for  the  different  metals,  freshly  scraped,  all  meet  the  voltage  axis 

at  very  nearly  the  same  point    When  the  surfaces  were  allowed  to  "  age  " 
there  was  a  gradual  fall  in  the  max.  velocities  of  the  electrons.    This  is 
,;attributed  to  the  formation  of  surface  films.  A.  B.  W. 
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363.  Value  of"h"  determined  Photo-eledrically  from  the  Ordinary  Metals^. 
W.  H.  Kadesch  and  A.  E.  Hennings.  (Phys.  Rev.  7.  p.  147,  Jan.,  1916. 
Abstract  of  paper  read  before  the  Am.  Phys.  Soc,  Oct.,  1916.) — In  photo- 
electric observations  of  Mg,  Al,  Sn,  Cu,  Fe,  and  Zn  freshly  made  in  vacuo,  it 
was  found  that  the  applied  potential  necessary  to  prevent  the  escape  of 
electrons  was,  within  the  limits  of  experimental  error,  almost  the  same,  for  a 
given  frequency,  for  all  the  metals  tested.  Because  of  the  greater  range  of 
frequencies  to  which  they  are  sensitive,  Mg  and  Al  were  chosen  for  more 
careful  1  study.  The  value  of  **h"  obtained  from  Mg  was  6*45  X  lO-^^;  that 
from  Al,  6-41  x  10-^7.  A.  B.  W; 

-,  364.  Complete  Photoelectric  Emission.  O.  W.  Richardson.  (Phil. 
Mag.  81.  pp.  149-155,  Feb.,  1916.  Part  of  an  address  delivered  before  the 
British  Assoc,  at  Manchester,  Sept.,  1915.) — It  is  well  known  that  when  light 
of  sufficiently  short  wave-length  is  allowed  to  fall  on  metals,  an  emission  of 
electrons  takes  place  under  its  influence.  Since  all  substances  emit  light 
when  they  are  raised  to  a  high  temperature,  an  emission  of  electrons  from 
hot  bodies  owing  to  the  action  of  light  will  occur  even  when  they  are  not 
illuminated  from  an  external  source.  The  emission  of  electrons  which  arises 
in  this  way  may  conveniently  be  termed  the  "complete  photoelectric  emis- 
sion," to  indicate  that  it  is  excited  by  the  complete  (black-body)  radiation 
with  which  the  material  is  in  equibrium  at  the  temperature  under  considera- 
tion. It  is  of  interest  to  inquire  whether  this  emission  will  resemble  in  its 
behaviour  the  thermionic  effects  which  have  been  investigated  experimentally 
and  to  seek  to  determine  how  its  magnitude  compares  with  that  of  the 
observed  thermionic  emission.  The  most  striking  property  of  the  thermionic 
emission  of  electrons  is  that  expressed  by  the  current-temperature  relation 
/  =  AT'^^~^^^  ...  (1),  in  which  i  is  the  max.  current  per  unit  area,  T  =  absolute 
temperature.  A,  X,  and  b  arc  constants.  The  author  has  shown  [Abs.  1397 
(1912)]  that  it  follows  from  simple  thermodynamic  considerations  that  the 
complete  photoelectric  emission  is  also  governed  by  an  equation  of  type  (1). 
The  thermodynamical  argument  does  not  determine  the  numerical  value  of 
the  constants  A  and  b  (\  is  unimportant)  which  enter  into  the  formula  for  the 
complete  photoelectric  emission.  It  does,  however,  determine  the  meaning 
of  6,  which  is  closely  related  to  the  work  done  by  an  electron  in  escaping 
from  the  metal.  The  values  of  the  minimum  frequency  of  the  light  which  is 
able  to  excite  a  photoelectric  emission  from  metals  show  that  b  is  not  very 
different  in  the  case  of  photoelectric  and  thermionic  emissions  from  a  given 
material.  It  is  not  certain  that  the  values  of  b  for  the  two  effects  are  not 
identical  for  the  same  substance.  The  value  of  A,  on  the  other  hand,  is  left 
entirely  arbitrary  by  the  thermodynamic  considerations,  which  do  not  there- 
fore enable  us  to  determine  the  scale  of  magnitude  of  the  .complete  photo- 
electric emission.  Thus  the  theoretical  argument  leads  to  the  conclusion 
that  the  complete  photoelectric  emission  varies  with  temperature  in  the  same 
general  manner  as  do  the  observed  thermionic  effects;  it  is  possible, 
although  not  certain,  that  the  indices  \  and  b  are  identical  in  the  two  cases 
contrasted,  in  which  case  the  two  emissions  would  be  in  the  same  relative 
proportions  at  all  temperatures ;  on  the  other  hand,  the  absolute  value  of  the 
complete  photoelectric  emission  is  left  entirely  undetermined,  so  that  we  are 
unable  to  determine  by  such  calculations  what  proportion  it  bears  to  the 
observed  thermionic  emission. 

This  information  can,  however,  be  obtained  from  known  photoelectric  data 
in  the  case  of  Pt.    The  smallest  thermionic  currents  from  Pt  ever  recorded 
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in  the  neighbourhood  of  2000°  K.  are  those  observed  by  H.  A.  Wilson 
[Abs.  145  (1904)].    But  even  in  this  extreme  casethe  observed  thermionic 
•  current  is  about  6000  times  as  large  as  the  complete  photoelectric  current. 

E.  H.  B. 


366.  Carbon  Consumption  in  Electric  Arc.  W.  G.  Duffield  and  [Miss] 
M.  D.  Waller.  (Roy.  Soc,  Proc.  92.  pp.  247-252,  Feb.  1,  1916.)— A  con- 
tinuation of  previous  work  [see  Abs.  100  (1916)]  in  which  the  importance  of 
a  hot  kathode  was  demonstrated.  It  was  suspected  that  the  anode  consump- 
tion of  carbon  was  unimportant,  and  this  was  tested  by  using  as  anode  the 
side  of  a  carbon  rotating  at  750  revs.  It  is  found  that  the  loss  from  the 
rotating  anode  is  much  less  than  that  from  the  kathode,  and  it  therefore 
appears  that  the  anode  loss  of  carbon  is  unimportant  in  the  mechanism  of 
the  arc,  and  that  the  main  function  of  the  anode  is  to  receive  the  carriers  of 
the  current  produced  by  the  essential  process  occurring  at  the  surface  of  the 
kathode.  J.  W.  T.  W. 

368.  Tube  for  showing  Colour  Effects  of  Positive  and  of  Kathode  Rays  in 
Residual  Air,  Hydrogen,  Helium,  etc,  C.  T.  Knipp.  (Science,  42.  pp.  942- 
948,  Dec.  81, 1915.)— Positive  rays' have  their  origin  in  front  of  the  kathode, 
and  under  the  action  of  the  electric  force  fall  toward  it.  J.  J.  Thomson  has 
shown  that  most  beautiful  and  striking  colour  effects  may  be  had  by  using 
hollow  kathodes  in  specially  designed  tubes  containing  each  a  trace  of  some 
inert  gas  such  as  helium,  argon,  or  neon  [see  Abs.  1862  (1913)].  The  general 
•  design  of  the  tubes  that  J.  Kunz  and  the  author  have  found  best  suited  is  shown 
in  the  accompanying  Fig. 


The  discharge  tube  is  dumb-bell  shaped.  It  is  made  of  two  1-litre 
Florence  flasks,  M  and  N.  The  hollow  cyUndrical  kathode  C  is  mounted  in 
the  neck  while  the  anode  A  is  placed  in  one  of  the  bulbs.  The  kathode 
terminal  C,  the  nipple  p  for  exhausting,  and  the  charcoal  bulb  B  are  all 
attached  to  one  vertical  tube  as  shown.  The  process  of  filling  the  discharge 
tube,  sealing  it  off  from  the  pump,  and  its  subsequent  use  are  described  in 

-detail.  The  most  interesting  phenomenon  is  the  colour  of  the  two  beams. 
The  kathode  beam  in  helium  is  a  greenish  grey  colour,  while  the  positive-ray 

•'beam  in  the  same  gas  is  a  beautiful  red.  The  red  due  to  the  positive  ions  is 
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so  persistent  that  it  appears  at  the  very  origin  of  these  rays — at  the  edge  of  the- 
Crookes  dark  space  in  front  of  the  kathode  (shown  by  the  dotted  line  mn  in  the- 
Fig.).  The  best  results  are  obtained  only  when  the  hollow  kathode  C,  which 
is  an  Al  cylinder  closed  at  the  ends  with  Al  discs,  is  placed  exactly  on  the  axis 
of  the  tube  connecting  the  bulbs  M  and  N.  Through  the  centre  of  each  disc 
is  cut  a  small  rectangular  opening.  The  correct  position  is  shown  in  the 
Fig.,  end  view  at  b,  ahd  side  view  at  d.  A.  £•  G*. 


867.  Electric   Waves    along   Insulating    "Wires"     H.    Zahn.     (Phys. 
Zeits.  16.  pp.   414-416,    Nov.    15,    1915.) — In   a   theoretical   investigation- 
D.  Hondros  and  P.  Debye  showed  that  under  certain  conditions  electro- 
magnetic waves  might  be  propagated  along  "  wires "  of  dielectric  or  insulat- 
ing material  in  a  similar  way  to  that  in  which  they  pass  along  wires  of 
conducting   material.    The   simplifying   assumption    was   made   that   the- 
dielectric  in  question  was  perfect,  i.e.  was  free  from  absorption  and  charac- 
terised solely  by  its  index  of  refraction  v.    Further,  these  dielectric  "  wires  "^ 
were  supposed  to  be  of  infinite  length. 

With  these  idealisations  it  was  found  that  electric  waves  could  be 
propagated  along  a  dielectric  *'  wire  "  of  radius  p  only  if  between  the  wave- 
length /  (in  vacuum)  and  the  quantities  p  and  v,  the  following  relation  held  r 
/<2-61  ps/(v»  — 1).  In  the  limiting  case  of  equality,  these  "dielectric- 
waves"  behave  very  much  like  the  waves  along  metallic  wires.  Their 
velocity  of  propagation  v  along  the  "  wire  "  is  equal  to  that  in  vacuum,  and 
the  electric  lines  of  the  external  field  stand  almost  normally  to  the  surface  of 
the  "  wire."  If,  on  the  other  hand,  /  is  small  compared  with  the  expression  • 
on  the  right,  then  the  state  of  things  is  essentially  different.  The  speed  of 
propagation  has  fallen  to  1/vth  of  its  former  value,  the  external  field  has 
practically  disappeared  and  the  essential  phenomena  are  now  confined  to  the 
interior  of  the  dielectric  "  wire."  Between  these  two  limiting  cases  we  have 
8  X  lO'^'  >  »  >  (8  X  10>°)  -T-  V  and  the  external  field  is  deviated  and  corre- 
spondingly diminished.  The  wave-length  referred  to  above  is  the  funda- 
mental and  strongest ;  there  are  others  of  a  second  and  third  order  for  which . 
the  values  of  Ijp .  l/v/(v»  —  1)  =  114  and  0*72  respectively. 

The  present  author  has  carried  out  preliminary  experiments  in  which 
some  of  the  predictions  of  theory  have  been  realised ;  the  dielectric  "  wires  "^ 
were  of  distilled  water  contained  in  cylindrical  tubes.  The  table  shows  some 
of  the  results  obtained,  /  being  the  actual  wave-length  attempted  and  h  the 
greatest  theoretically  possible. 


p- 

/.. 

1            /• 

'     vxlO-W 

Remarks. 

cm. 

0-54 

cm. 
126 

No  certain  waves 

0-71 

16-6 

cm. 

about  28 

2-95 

,  Very  bad  waves 

1-00 
1-25 
1-68 

28-4 
29-8 
85-8 

27-9 
26-0 
24-4 

2-94 
2-75 
2-58 

'  Good  waves 
>»         »» 

1-90 

44-5 

!         <24 

<2-58 

Waves  yet  discernible 

205 

480 

— 

— 

No  waves 

[See  Abs.  1182  (1910).] 
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368.  Wave4eng0i  of  Eledrical  Vibration  along  a  Thin  Straight  Terminated 
Conductor.  J.  A.  Pollock.  (Phil.  Mag.  81.  pp.  96-99,  Feb.,  1916.>-To^a 
first  approzimation,  Abraham  and  others  conclade  from  theoretical  considera- 
tions that  the  wave-length  of  the  disturbance  in  free  ether  due  to  the  gravest 
electrical  vibration  on  a  thin  straight  terminated  conductor  is  equal  to  twice 
the  length  of  the  rod.  This  result  is  very  definitely  supported  by  Rayleigh  in 
opposition  to  the  calculation  of  Macdonald,  which  makes  the  wave-length 
2*58  times  the  length  of  the  conductor.  The  experiments  here  recorded  (and 
carried  out  by  £.  H.  Booth  and  H,  P.  Tiddy  and  by  R.  C.  Anderson  and 
J.  H.  A.  Scarr)  completely  support  Rayleigh's  view  of  the  value  of  the  wave- 
length of  the  vibration  on  a  thin  straight  terminated  rod,  and  at  least  imply 
the  experimental  verification  of  his  contention  "  that  the  di£Ference  between 
the  half  wave-length  of  the  gravest  vibration  and  the  length  (/)  of  the  rod  of 
uniform  section  tends  to  vanish  relatively  when  the  section  is  reduced  without 
Umit."  E.  H.  B. 

369.  Velocities  of  Electrons  emitted  in  the  Normal  and  Selective  Photoelectric 
Effects.  A.  L.  Hughes.  (Phil.  Mag.  81.  pp.  100-107,  Feb.,  1916.)— An 
experimental  research  from  which  the  following  conclusions  are  drawn : — 
Although  the  number  of  the  photoelectrons  emitted  in  the  selective  photo- 
electric effect  of  the  sodium-potassium  alloy  used  in  these  experiments  is  26 
times  as  great  as  the  number  emitted  in  the  normal  photoelectric  efEect,  yet 
the  way  in  which  the  two  sets  of  electrons  are  emitted  differs  only  to  a  small 
extent.  This  small  difference  may  arise  either  from  a  somewhat  smaller 
average  velocity  of  the  photo-electrons  emitted  in  the  selective  effect,  or  else 
from  a  greater  proportion  of  the  selective  photo-electrons  being  emitted  in 
directions  closer  to  the  normal  to  the  surface.  These  results  on  the  velocities 
of  the  photo-electrons  in  the  selective  and  normal  effects  are  hardly  to  be 
expect^,  if  one  concludes  that  the  great  difference  in  the  magnitude  of  the 
two  effects,  and  also  their  relation  to  the  frequency  of  the  light  used,  indicates 
a  fundamental  difference  between  the  two  effects.    [See  Abs.  1784  (1909)  and 

42  (1910).]  E.  H.  B. 

ELECTRICAL  PROPERTIES  AND  INSTRUMENTS. 

370.  Primary  Mercurial  Resistance  Standards.  F.  A.  Wolff,  M.  P. 
Shoemaker,  and  C.  A.  Briggs.  (Bureau  of  Standards,  Bull.  12.  pp.  876- 
464, 1916.)— Describes  the  construction  of  4  mercury  units  of  resistance  at 
the  Bureau  of  Standards,  Washington.  A  number  of  tubes  of  Jena  glass  were 
procured  and  4  others  of  "  Verre  dur,"  but  the  latter  have  not  yet  been  used, 
although  their  calibre  factors  are  somewhat  less  than  those  of  the  Jena  tubes. 
The  respective  lengths,  calibre  factors,  and  masses  of  mercury  contained  by 
the  tubes  at  0°  C.  are  as  follows  : — 


Tube  No. 


Length. 


Calibre  Factor. 


96  08281  cm. 
96  26069  „ 
96-99628  „ 
100  69877  „ 


100008926 
100006698 
100004678 
100009687 


Mass  of  Mercury  at  Qp  C. 


11-67474  gm. 
11-86896     „ 
1204271     „ 
1297496     „ 


The  calculated  resistances  in  int.  ohms  at  0°C.  of  the  respective  mercury 
columns,  together  with  the  spherical  terminal  connections,  are  (1)  0*9999686, 
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(2)  0-9998816,  (8)  1'0001277,  and  (4)  10004287.  For  the  electrical  comparisons 
of  the  ohm  tubes  with  anxiliary  wire  standards  a  modification  of  the  Kelvin 
double  bridge  was  used.  In  1911  a  max.  di£Eerence  of  13  parts  in  1,000,000 
was  observed  between  the  resistance  units  as  obtained  from  the  4  tubes.  In 
1918  the  corresponding  difference  was  18  parts  in  1,000,000.  A  comparison 
of  the  mercury-resistance  units  of  various  national  laboratories  was  made  in 
1918  by  means  of  measurements  upon  a  number  of  manganin  coils  sent  by 
the  National  Physical  Laboratory  (Teddington)  to  France,  Germany,  Russia, 
and  the  United  States.  Mercury  resistances  have  also  been  set  up  in  the 
Electrochemical  Laboratory  at  Tokyo,  Japan,  and  compared  with  mercury 
resistances  supplied  by  the  National  Physical  Laboratory.  A  comparison  of 
the  resistance  units  is  given  in  the  following  table  : — 

r-^..^*^.  Mercury  Unit  of  Country  minus 

^°"°^-  Mercury  Unit  mU.S.A. 


England   |  +  10  X  lO"'  ohm 

Germany |  -f  28    „  „ 

Japan j  +    6    „ 

Russia   \  -f    5    „  „ 

United  States  of  America 1  0    „  „ 

New  tubes  have  been  set  up  in  France,  but  the  results  are  not  yet  available. 

F.  E.  S. 

371.  Effect  of  Temperature  on  Absorbed  Charge  and  Capacity  of  Condensers, 
A.  Zeleny.  (Phys.  Rev.  6.  pp.  478^489,  Dec,  1916.)— An  account  of  experi- 
ments made  on  condensers  of  0*01  to 005  mfd.  with  paraffin-paper,  ozokerite- 
paper,  and  air-mica  dielectrics  at  temperatures  of  from  —  70^  to  -f-  80°  C. 
The  measurements  were  made  by  the  ballistic  galvanometer,  the  discharge 
periods  being  timed  by  means  of  a  pendulum.  The  effect  of  moisture  in  the 
dielectric  upon  the  temperature  variation  was  also  studied.  Above  a  certain 
narrow  range  of  temperature  the  absorbed  charge  shows  a  marked  increase 
with  the  temperature.  An  increase  in  moisture  produces  a  great  increase  in 
the  absorbed  charge  at  the  higher  temperatures  but  very  little  at  low  tem- 
peratures. The  greater  the  amount  of  moisture,  the  lower  the  temperature 
at  which  the  marked  increase  in  the  absorbed  charge  occurs.  In  condensers 
in  which  the  absorbed  charge  is  largely  due  to  moisture  there  is  no  sudden 
change  near  the  freezing-point.  A  mica  condenser  may  have  a  larger 
absorbed  charge  than  a  paper  condenser.  Moisture  apparently  increases  the 
free  charge  capacity  as  well  as  the  absorbed  charge.  The  free  charge 
capacity  shows  a  marked  increase  or  decrease  with  the  temperature  above 
a  certain  range,  but  this  effect  does  not  occur  at  the  same  temperature  as 
for  the  absorbed  charge.  The  free  charge  capacity  of  clamped  condensers 
showed  a  negative,  and  that  of  undamped  condensers  a  positive,  temperature 
coefficient.  W.  H.  G. 

372.  Measurement  of  Small  Capacities.  W.  C.  Baker.  (Phys.  Rev.  7. 
pp.  112-118,  Jan.,  1916.) — Discusses  an  electrostatic  method  of  measuring 
small  capacities,  such  as  those  of  a  ball  of  1  cm.  radius.  E.  H.  B. 

373.  Electric  Action  in  a  Liquid  Cell  bounded  by  Insulating  Walls,  L. 
Malcl^S.    (Comptes  Rendus,  161.  pp.  694-696,  Dec.  6,  1916.)— The  author 
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has  previously  sh6wn  that  a  thin  layer  of  insulating  liquid,  under  the  pro- 
longed action  of  an  electric  field,  acquires  a  superficial  distribution  very 
similar  to  that  which  is  produced  in  the  interior  of  a  conductor.  When  the 
liquid  is  an  electrolyte  (water)  electrostatic  equilibrium  is  attained  imme- 
diately, but  when  the  liquid  is  an  insulator  (vaseline)  the  final  state  is  reached 
slowly  by  means  of  the  residual  current.  At  first  the  cells  were  made  of 
ozokerite,  which  is  a  good  insulator  but  does  not  resist  the  prolonged  action 
of  certain  liquids.  The  author  now  uses  shallow  cells  consisting  of  two 
parallel  circular  discs  of  fused  quartz,  separated  by  a  glass  ring ;  the  cell 
cavities  are  4  cm.  in  diam.  and  0*7  cm.  in  depth.  This  small  cell  is  suitably 
supported  between  electrodes  and  separated  from  the  latter  by  a  distance 
of  about  1  mm.  By  means  of  a  diaphragm  the  flux  communicated  to  the 
electrometer  is  limited  to  the  central  part  of  the  dielectric.  When  a  balance 
is  obtained  on  the  electrometer,  with  and  without  a  quartz  plate  between  the 
electrodes,  the  dielectric  constant  of  the  specimen  can  be  determined.  No 
residual  effect  was  observed  in  the  case  of  fused  quartz,  but  parallel  quartz 
yielded  a  marked  effect.  The  dielectric  constant  of  a  liquid  is  determined  in 
a  similar  manner  by  balancing  the  cell  with  and  without  liquid.  Mercury 
and  water  yielded  no  residual  effect,  but  with  insulating  liquids  such  as 
vaseline,  turpentine,  and  petrol,  equilibrium  is  not  attained  instantaneously 
owing  to  the  slow  recombination  of  the  ions  in  the  layer.  The  author  has 
previously  determined  the  conductivities  of  certain  insulating  liquids  from  the 
values  of  the  velocities  of  recombination,  deduced  from  observations  of  the 
current  The  use  of  quartz  permits  the  extension  of  this  method  to  all 
liquids.  I.  W. 

374.  Experiments  with  Filaments  heated  electrically  in  Volatile  Liquids. 
S.  W.  J.  Smith.  (Phys.  Soc,  Proc.  28.  pp.  61-59,  Dec,  1915.)— The  first 
of  these  experiments  was  due  to  Addenbrooke  who,  using  a  100-volt  lamp 
filled  with  paraffin  oil  (after  removing  the  tip)  as  a  convenient  high  resistance 
in  a  200-volt  circuit,  noticed  that  some  of  the  many  bubbles  forming  on  the 
filament  behaved  in  a  curious  way.  Instead  of  rising  at  once  to  the  surface 
from  the  point  at  which  they  formed  they  ran  down  the  legs  of  the  filament, 
against  gravity,  and  then  escaped  at  the  leading-in  wires.  The  present 
author,  led  to  repeat  this  experiment,  discovered  another,  more  striking, 
phenomenon.  Placing  the  100-volt  lamp  in  a  100-volt  circuit  in  series  with 
a  variable  resistance  (water-trough)  it  was  found  possible,  by  momentarily 
cutting  out  most  of  the  resistance,  to  obtain  a  single  bubble  upon  the  \yire. 
The  behaviour  of  such  a  bubble  is  very  interesting  to  watch.  Instead  of 
escaping  at  either  terminal,  as  in  Addenbrooke's  experiment,  it  travels  back- 
wards and  forwards  between  the  two,  "  looping  the  loops  "  of  the  filament  in 
a  fascinating  way  during  every  journey.  The  peculiarities  of  this  pheno- 
menon, which  can  be  obtained  with  either  direct  or  alternating  supply,  have 
been  analysed  by  examining  the  size  and  motion  of  the  bubble  under  various 
conditions  and  also  by  using  filaments  of  different  materials  and  liquids 
of  different  boiling-points. 

It  was  shown  from  the  experiments  that  a  rapid  fall  of  temperature  from  the 
wire  through  the  liquid  in  the  region  through  which  the  bubble  moves,  is  an 
essential  condition  of  the  phenomenon,  and  also,  from  theoretical  considera- 
tions, how  this  condition  can  be  used  to  explain  why  the  bubble  moves  in  the 
manner  described.  Author. 

376.  Einstein*s  Photoelectric  Equation  and  Contact  E.M,F.    R.  A.  Millikan. 
<Phys.  Rev.  7.  pp.  18-82,  Jan.,  1916.)— Einstein's  photoelectric  equation  for 
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the  max.  energy  of  emission  of  a  negative  electron  under  the  inflnence  of 
ultra-violet  light  is  expressed  as  follows :  itni^ ssVesshv^p.  Although  ther 
author  considers  this  equation  to  have  no  satisfactory  theoretical  foundation^ 
he  has,  after  searching  experimental  tests,  arrived  at  the  conclusion  that 
it  actually  represents  very  accurately  the  behaviour,  as  to  both  photoelectric 
and  contact  e.m.f.  relations,  of  all  the  substances  which  he  has  examined.. 
The  tests  to  which  Einstein's  equation  has  been  subjected  to  for  experimental 
verification  are  as  follows  :— {!)  The  existence  of  a  definite  and  exactly, 
determinable  max.  energy  of  emission  of  corpuscles  under  the  influence  of  a. 
given  wave-length.  (2)  The  existence  of  a  linear  relationship  between  photo- 
potentials  and  the  frequency  of  the  incident  light.  (8)  The  exact  appearance 
of  Planck's  "  h  "  on  the  slope  of  the  potential-frequency  line.  The  photo- 
electric method  is  one  of  the  most  accurate  available  methods  for  fixing  this 
constant.  (4)  The  agreement  of  the  long  wave-length  limit  with  the«intercept 
of  the  potential-frequency  line,  when  the  latter  has  been  displaced  by  the- 
amount  of  the  contact  e.m.f.  (5)  Contact  e.mi.'s  are  accurately  given  by 
the  relation  {h/e)  {vo^v'^-^  (Vo  —  V^).  (6)  Contact  e.m.f .'s  arc  independent  of 
temperature.  'This  last  result  follows  from  Einstein's  equation  taken  in 
conjunction  with  the  experimentally  well-established  fact  of  the  indepen- 
dence of  photo-potentials  on  temperature.  If  the  surface  changes  in  the 
heating  so  as  to  change  the  photoelectric  currents,  the  contact  e.m.f.'s  should 
change  also.  ^  A.  B.  W, 

376.  New  X-ray  Tube  for  Spectroscopic  Work.  M.  Siegbahn.  (Deutsch.. 
Phys.  Gesell.,  Verh.  17.  24.  pp.  469-470,  Dec.  80,  1916.)— A  description  is. 
given  of  a  metal  X-ray  tube,  the  anode  of  which  is  insulated  by  a  porcelain 
sheath.  A  peculiar  cooling  device  is  attached,  and  the  antikathode  (fixed, 
directly  on  the  end  of  the  tube  facing  the  anode)  that  is  generally  used  with- 
the  tube,  consists  of  a  piece  of  silver-foil  0*16  mm.  in  thickness.  'This  tube  is 
particularly  useful  in  the  study  of  soft  X-radiations,  as  well  as  in  X-ray^ 
spectroscopy.  A.  B.  W^ 


ALTERNATING  CURRENTS  AND   MAGNETISM. 

377.  Subsidence  of  Torsional  Oscillations  and  Fatigue  of  Iron  Wires  in 
Magnetic  Fields.  W.  Brown.  (Roy.  Dublin  Soc,  Proc  16.  1.  pp.  1-12, 
Jan.,  1916.) — ^The  series  of  experiments  previously  described  [see  Abs.  220* 
(1916),  801  (1916)]  were  continued  and  extended,  and  in  the  present  paper  an 
account  is  given  of  the  results  on  fatigue  and  on  torsional  subsidence  which 
were  obtained  with  iron  wires,  alternating  magnetic  fields  of  frequencies 
up  to  260  per  sec.  being  employed.  The  apparatus  and  general  methods  of  * 
experiment  were  the  same  as  in  the  earlier  experiments.  As  with  nickel 
wires,  the  iron  wires  were  subjected  in  nearly  all  cases  to  the  same 
longitudinal  load,  viz.  1*6  X  10^  gm.  per  cm.'.  In  the  case  of  Ni  wire  it  was 
.  found  that  the  time  taken  to  attain  the  max.  fatigue  is  inversely  proportionah 
to  the  frequency  of  the  applied  alternating  magnetic  field.  In  the  case  of 
iron  the  value  of  the  max.  fatigue  is  the  same  for  all  the  frequencies,, 
whereas  for  Ni  the  value  of  the  max.  fatigue  increases  with  the  frequency  up 
to  a  certain  value  of  the  frequency.  The  wires  were  tested  whilst  in  five 
different  states  of  rigidity ;  the  fatigue  of  the  wire  was  also  tested  when  in^ 
various  states  of  hardness.  As  the  simple  rigidity  of  the  wire  decreases  the 
damping  or  subsidence  of  the  torsional  oscillations  increases  roughly  as  a. 
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straight  line  law ;  increasing  the  frequency  of  the  alternating  magnetic  fields 
to  five  times  has  very  little  effect  on  the  damping  of  the  oscillations  in  each, 
state  of  hardness.  The  effect  of  change  of  load  was  examined,  and  it  was 
found  that  the  damping  of  the  oscillations  is  increased  slightly  by  an  increase^ 
in  the  load.  Both  hard  and  soft  wires  were  tested.  A  soft  wire  with  a  small 
load  seems  to  behave  in  the  same  way  as  a  hard  wire  with  all  loads.  Details- 
of  the  results  obtained  are  given  in  tables  and  curves.  J.  }.  S. 

878.  Thermomagneiic  Properties  of  Various  Compounds  and  the  Weiss  Theory 
of  Magnetons.  K.  Honda  and  T.  Ishiwara.  (Tohoku  Univ.,  Sci.  Reports,^ 
4.  8.  pp.  215-260,  1916.)— The  results  are  given  of  measurements  of  the 
susceptibilities  of  29  compounds  of  Fe,  Ni,  Co,  Cr,  Cu,  Mn,  etc.,  the  follow- 
ing general  conclusions  being  drawn : — ^The  susceptibility  of  paramagnetic 
compounds  has  generally  a  special  value  different  from  that  derived  from  the 
susceptibilities  of  the  constituents  by  the  additive  law.  'Curie's  law  for 
paramagnetic  substances  is  applicable  to  only  a  very  limited  number  of 
compounds.  For  a  large  number  of  paramagnetic  substances,  the  hyper- 
bolic law  as  given  by  Onnes  and  Perrier  holds  good,  at  least  approxi- 
mately, over  the  whole  temperature-interval  in  which  the  substance  exists 
in  a  single  phase.  Any  abrupt  change  of  susceptibility  at  a  definite  tempera- 
ture or  a  gradual  change  from  the  hyperbolic  law  over  a  certain  range  of 
temperature  is  in  many  cases  a  consequence  of  some  physical  or  chemical 
change.  In  the  diamagnetic  substances  which  have  been  investigated,  the- 
susceptibility  is  the  same  for  all  temperatures  so  long  as  the  substance  exists 
in  the  same  phase ;  change  of  state  is  accompanied  by  change  in  suscepti- 
bility. Water  of  crystallisation  diminishes  the  susceptibility  by  different 
amounts  for  different  compounds,  and  even  with  the  same  substance  the 
portions  of  the  water  of  crjrstallisation  escaping  at  different  temperatures 
have  different  effects  on  the  susceptibility.  Thermomagnetic  investigation 
affords  a  good  means  of  detecting  changes  in  the  structure  of  compounds- 
at  high  temperatures. 

The  Weiss  magneton  theory  is  discussed,  and  it  is  concluded  that  the 
evidence  given  by  Weiss  is  insufficient  and  requires  experimental  support. 
The  magnetic  moments  of  molecules  are  also  considered.  T.  H.  P.. 

379.  Magnetism  and  van  der  Waals*  Equation  of  State.  J.  R.  Ash- 
worth.  (Phil.  Mag.  80.  pp.  711-728,  Nov.,  I916.)--Curie's  paper  on  the 
magnetic  properties  of  substances  ["  CEuvres,"  p.  880,  and  Phys.  Soc.  Abs. 
No.  598  (1896)]  led  to  conclusions  expressible  by  the  equation  H/I  =  R'T 
for  regarding  the  behaviour  of  paramagnetic  and  ietl  ^'^'^^agnetic  substances ; 
where  I  is  the  intensity  of  magnetisation,  calculated)  as  magnetic  moment 
per  unit  of  volume,  H  the  strength  of  the  field,  T  the  absolute  temperature,.. 
and  R'  a  constant  equal  to  the  reciprocal  of  Curie's  constant  A.  This  equa- 
tion is  obviously  a  direct  analogue  of  the  gas  equation,  P/p  =  RT.  Moreover,. 
Curie  found  that  ferromagnetic  substances  are  transformed  progressively 
when  heated,  and  tend  to  assume  the  properties  of  feebly  magnetic  sub- 
stances as  the  temperature  increases  beyond  the  point  of  transformation; 
he  also  found  a  close  analogy  to  exist  l>etween  the  curves  I  =/(T),  for  H 
constant,  and  p  =f(J),  for  P  constant,  leading  to  the  suggestion  that  there 
are  critical  constants  for  magnetism  as  for  fluidity,  and  that  the  change  of 
state  in  each  at  the  critical  temperature  may  arise  from  similar  causes.  Van 
der  Waals'  equation  may  be  written  (p  +  ir)  {pr^  —  p©-*)  =  RT,  where  p  is  the 
density,  treated  as  the  reciprocal  of  the  volume,  po  the  limiting  density,  ancfc. 
VOJL.  XIX.— A. — 1916.  • 

Digitized  by  VjOOQIC 


1^2-  SCIENCE  ABSTRACTS. 

V  the  intrinsic  pressure,  which  van  der  Waals  makes  of  the  form  ap*,  where 
-a  is  a  constant.  The  corresponding  equation  of  a  ferromagnetic  would  be 
(H  -f-  a'P)(I~* — I^^)  =  R'T,  where  a',  lo,  R'  are  fundamental  magnetic  constants 
corresponding  to  a,  ^,  R  in  the  equation  of  a  fluid.  The  author  finds  that 
this  represents  the  chief  features  of  loss  of  ferromagnetism,  viz.  (1)  a  region 
of  increasingly  rapid  loss  up  to  a  critical  temperature ;  (2)  an  abrupt  transi- 
tion through  a  region  of  instability ;  (3)  a  region  in  which  I  decreases  at  a 
decreasing  rate  and  approaches  the  temperature  axis  asymptotically.  The 
high  value  required  for  the  intrinsic  or  molecular  field  within  a  magnet 
presents  a  difficulty,  but  the  author  points  out  that  the  results  of  his  hypothesis 
are  not  in  conflict  with  the  kinetic  theories  of  Weiss  and  Langevin.  The 
values  of  the  fundamental  constants,  critical  temperatures,  and  intrinsic  mag- 
netic fields  for  the  ferromagnetic  elements  are  given  in  the  accompanying 
table. 


Symbol.     I  Iron.  Nickel. 


Curie's  constant A        \       0-281        i        0  048       ;        0-166 

Paramagnetic  constant...  I  1/A  =  R' !        3-56         |      20*8  '         6-0 

Max.  intensity lo        *        1685        !         610         ;        1800 

Intrinsic  field  constant ...  a'        i        7*6  !  92         -  21 

CriUcal  temperature  T^       ;  785'^  -f  273^  ,  388°  +  273°    1076°  +  273° 

Max.  intrinsic  field i       a'l't      I     22x10^         2-4x10'    ,     3-6x10' 


G.  W.  DE  T. 


380.  Solar  Radiation  and  Terrestrial  Magnetism,  L.' A.  Bauer.  (Terrest. 
Magn.  20.  pp.  143-168,  Dec,  1916.  Summary  of  two  papers  read  before  the 
joint  meeting  of  the  Am.  Assoc,  for  Adv.  of  Science  and  the  Am.  Phys.  Soc, 
Aug.  6,  1916,  and  the  Nat.  Acad,  of  Sciences,  Nov.  17, 1916.) — Comparisons 
bave  been  made  between  the  records  of  magnetic  variations  and  those  of  the 
solar  constant  as  determined  by  the  Smithsonian  observers,  resulting  in  an 
appreciable  degree  of  association  between  the  two  phenomena.  Decreased 
solar  constant  seems  to  be  accompanied  by  increased  megnetic  constant,  and 
decreased  diurnal  range  of  the  earth's  magnetism  ;  a  change  of  1  %  in  solar 
constant  corresponds  to  about  0'002  %  change  in  the  magnetic  constant,  and 
about  1  %  change  in  the  magnetic  diurnal  range.  The  magnetic  effects 
observed  during  solar  eclipses  would  correspond  to  a  10  %  change  in  the 
intensity  of  solar  radiation.  Since  the  changes  in  solar  radiation  are  aperiodic, 
occurring  more  or  ltfhe*{#Dntaneously,  the  effect  on  the  earth's  magnetism  is 
generally  of  three-fold  character  ;  (a)  Alteration  of  diurnal  range ;  (h)  per- 
turbations of  world-wide  and  local  types  ;  (c)  an  outstanding  residual  effect 
such  as  to  alter  the  daily  mean  value  of  the  magnetic  elements  by  an  amount 
10  or  100  times  that  caused  by  the  regularly-progressing  secular  variation. 
Comparisons  have  also  been  made  for  sequences  of  quiet  days,  and  quiet 
with  disturbed  days.  In  general  the  disturbed  days  are  far  more  numerous 
than  the  quiet  days,  and  this  correspondingly  affects  the  value  of  the  resultant 
secular  change,  and  annual  changes  of  solar  constant  are  found  to  vary  with 
annual  changes  of  magnetic  phenomena.  C.  P.  B. 
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381.  Energy-changes  in  Atomic  Fomiaiion.  W.  D.  Harkins  and  E.  D. 
Wilson.  (Phil.  Mag.  80.  pp.  723-734,  Nov.,  1915.)— Nicholson's  view  of  the 
positive  electron  does  not  account  for  either  the  close  approximation  of  the 
atomic  weights  of  the  elements  to  integers  or  the  evolution  in  radio-active 
transformations  of  He  only  and  not  hydrogen.  The  authors  therefore  prefer 
Rutherford's  view  that  the  hydrogen  nucleus  is  the  positive  electron,  and 
they  have  recently  shown  that  both  of  these  facts  can  then  be  accounted  for 
[Abs.  127  (1916)].  Assuming  mass  entirely  electromagnetic,  the  mass  wilt 
be  a  function  of  the  energy,  and  any  change  of  energy  will  change  the 
mass,  and  on  the  basis  of  the  relativity  theory  Einstein  has  shown  that  the 
relation  reduces  to  the  simple  form  M  =  E/c",  where  c  is  the  velocity  of 
Hght.  On  this  basis  the  energy  involved  in  forming  a  molecule  of  He  is 
found  to  have  the  enormous  value  — 6-708  X  10"  cals.,  which  is  well  in  accord 
with  the  known  stability  of  He.  And  it  is  so  much  greater  than  that  of  the 
system  4H,  i.c,  the  energy  of  He  is  so  much  less  than  that  of  4H  that  if  the 
atom  were  about  to  break  up  it  would  be  much  more  unstable  with  respect 
to  a  He  disintegration  than  with  respect  to  the  hydrogen  disintegration* 
Egerton  in  a  recent  paper  [Abs.  689  (1915)]  considers  the  change  from  4H 
to  He  by  this  method,  but  by  an  error  in  his  calculation  obtains  the  obviously 
incorrect  result  that  energy  must  be  put  into  4H  to  convert  into  He,  with  a 
decrease  in  mass,  and  argues  therefore  that  He  found  in  vacuum  tubes  can 
be  formed  from  hydrogen.  The  authors  explain  the  observed  non-formation 
of  He  from  ordinary  hydrogen  as  being  due  to  the  slow  reaction  velocity,  and 
consider  that  the  evidence  of  stellar  phenomena  suggests  that  part  at  least  of 
the  He  which  appears  in  vacuum  tubes  may  be  formed  from  hydrogen.  These 
changes  in  mass  are  far  too  small  to  be  detected  :  e.g,  in  the  formation 
of  a  molecule  of  water  68,000  cals.  are  liberated,  causing  a  change  of 
mass  =  —  318  x  10-»  gm.  only.  G.  W.  de  T. 

ZS2,  Changes  of  Volume  of  Amalgams.  III.  J.  Wurschmidt.  (Deutsch. 
Phys.  Gesell.,  Verh.  16.  16.  pp.  799-812,  Aug.  80,  1914.)— The  explanation  of 
the  irregularities  met  with  in  the  case  of  the  Bi  amalgams  [Abs.  263  (1914)], 
is  to  be  found  in  the  assumption  that  Bi  occurs  in  two  modifications,  the 
transition-point  of  which  lies  at  75°.  This  transition  of  the  form  /3,  stable 
below  75°,  into  the  other  form,  a,  takes  place  with  marked  contraction^ 
similar  to  the  transition  of  solid  Bi  into  the  liquid  state.  On  repeated 
heating  and  cooling,  Bi  amalgam  loses  the  property  of  undergoing  trans- 
formation, and  at  the  same  time  a  refining  becomes  evident  from  the 
displacement  of  the  contraction  corresponding  to  the  melting-point.  By 
very  strong  heating  this  phenomenon  of  refining  can  again  be  done  away 
with,  and  the  amalgam  recovers  the  property  of  passing  into  the  /3-modifi- 
cation  at  75°.  The  assumption  of  a  transition  from  the  j3  to  a  form  on 
heating  above  75°,  is  in  harmony  with  the  observations  of  E.  Wiedemann 
on  Rose's  and  Lipowitz's  metal.  A.  F. 

383.  Practical  Substitutes  for  Platinum  and  its  Alloys,  F.  A.  Fahren- 
wald.  (Am.  Inst.  Mining  Eng.,  Bull.  No.  109.  pp.  108-149,  Jan.,  1916.)— The 
object  of  the  investigations  here  described  was  to  find  a  substitute  in  dentistry 
for  Pt  and  Pt-Ir.  Such  substitute  should :  (1)  be  of  high  melting-point,  at 
least  well  above  1200° ;  (2)  not  be  affected  by  chemical  compounds  formed 
in  its  application,  or  oxidise  at  a  soldering  temperature  ;  (8)  possess  sufficient 
strength  to  resist  stresses  tending  to  change  its  form  while  in  place  and  at 
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the  same  time  be  sufficiently  pliable  to  be  worked  to  the  desired  shape ; 
(4)  have  a  low  coefficient  of  expansion,  in  order  that  desired  dimensions  may 
be  easily  produced  in  the  finished  product;  (5)  unite  readily  with  gold, 
silver,  and  similar  metals  and  their  solder^ ;  (6)  have  a  low  cost  of  produc- 
-tion  compared  with  Pt 

The  results  of  a  large  number  of  experiments  lead  to  the  conclusion  that 
metals  or  metallic  alloys  outside  of  the  precious-metal  groups  are  unsuit- 
able as  substitutes  for  Pt  The  Au  and  Ag  alloys  of  Pd  are  found  to  serve 
as  excellent  substitutes  for  Pt  in  its  softer  forms  and,  while  not  so  resistant 
-chemically,  answer  all  requirements  where  conditions  are  not  too  rigid. 
Excepting  for  two  defects,  pure  ductile  tungsten  and,  to  a  lesser  degree, 
Mo  meet  all  the  specifications  of  a  practical  substitute  for  Pt  and  its 
.alloys.  These  defects,  which  are  ease  of  oxidation  and  difficulty  of  soldering, 
liave  been  overcome  by  coating  with  a  precious  metal  or  alloy,  the 
resultant  material  being  in  many  ways  far  superior  to  Pt  or  its  alloys 
This  material  has  met  with  instant  demand,  is  in  many  cases  replacing  the 
best  Pt-Ir  alloys,  and  permits  of  the  performance  of  work  hitherto  im- 
possible. The  theoretical  and  practical  considerations  involved  in  the 
manufacture  of  wrought  tungsten  and  molybdenum  are  discussed.  These 
metals  and  also  W-Mo  alloys  were  produced  in  the  wrought  form  on  a 
laboratory  scale  but  attempts  to  produce  alloys  of  tungsten  with  Au  and  Pd 
failed.  T.  H.  P. 

384.  Alloys  of  Tellurium  with  Lead.  M.  Kimura.  (Kyoto  Coll.  Sci., 
Mem.  1.  pp.  149-152,  May,  1915.) — ^The  melting-point  diagram  shows  that 
these  elements  form  only  one  compound,  PbTe,  melting  at  904°.  No  series 
of  mixed  crystals  is  formed,  but  there  are  two  eutectics,  one  crystallising 
.  at  412°  and  the  other  being  virtually  pure  lead.  Reproductions  of  photo- 
.  micrographs  are  given.  T.  H.  P. 

386.  Meiallographic  Investigation  of  the  System,  Tellurium-Selenium,  Y. 
Kimata.  (Kyoto  Coll.  Sci.,  Mem.  1.  pp.  119-121,  May,  1916.)— Investiga- 
'  tion  of  the  melting-point  diagram  shows  that  tellurium  and  selenium  form 
two  uninterrupted  series  of  mixed  crystals,  and  micrographic  examination 
of  sections  shows  that  these  are  homogeneous  at  all  concentrations.  At 
the  concentration  96  %  Se  and  at  180°  the  crystals  have  the  same  compo- 
sition as  the  fusion.  T.  H.  P. 

386.  Aletallographic  Investigation  of  the  System,  Antimony-Tellurium,    Y. 
Kimata.    (Kyoto  Coll.  Sci.,  Mem.  1.  pp.  115-118,  May.  1915.)— The  results 

•  of  earlier  investigators  indicate  with  certainty  the  existence  of  the  compound 
SbfTet  but  leave  undecided  the  question  of  the  existence  of  SbTe  and  of 
the  formation  of  mixed  crystals  between  SbiTej  and  Sb  in  the  solid  state. 
The  author  has  traced  the  diagram  of  state  and  made  a  micrographic  investiga- 
tion  of  this  system  and  finds  that  the  only  compound  formed  is  SbiTes,  which 
melts  at  about  620°  and  forms  eutectics  with  both  Sb  and  Te.  T.  H.  P. 

387.  On  a   supposed  Allotropy   of  Copper.     G.  K.  Burgess  and  I.    N. 
Kellberg.    (Washington  Acad.  Sci.,  J.  5.  pp.  657-662,  Dec.  19, 1915.)— The 

.  authors  have  carried  out  a  series  of  determinations  of  the  electrical  resist- 
ance of  copper  between  0°  and  100°  C,  and  the  results  show  that  between 

.this  interval  of  temperature  the  resistance  varies  continuously.  They  con- 
clude, therefore,  that  the  allotropic  transformation  of  copper  at  about  70°  C. 

-described  by  Cohen  and  Heldermann  [Abs.  986  (1914)]  does  not  exist. 

F.  C.  A.  H.  L. 
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388.  Metallic  Crystal  Twinning  by  Direct  Mechanical  Strain.  C  A. 
Edwards.  (Inst  of  Metals,  }.  14.  pp.  116-180  ;  Disc.,  181-144,  1915. 
Engineering,  100.  pp.  407-409,  Oct.  15,  1915.)— In  order  to  settle  the  much- 
•discnssed  question  as  to  whether  the  twinning  in  metals  can  be  brought 
-about  by  simple  strain,  the  author  has  made  numerous  examinations  of  speci- 
mens of  tin  and  zinc  which  has  been  cast  between  two  pieces  of  highly 
polished  and  heated  steel.  If  the  mass  were  agitated  during  solidification 
twin  crystals  were  often  present,  and  such  specimens  were  always  discarded. 
Mechanical  straining  was  effected  by  scratching  with  a  needle  or  by  a  sharp 
blow  with  a  light  hammer.  It  was  found  that  when  the  surface  for  examina- 
tion was  bent  in  compression  twin  markings  were  always  formed,  but  when 
bent  in  tension  similar  markings  were  seldom  produced  on  the  surface.  The 
^specimens  were  examined  in  the  following  conditions :  immediately  after 
casting,  after  straining,  and  after  polishing  and  etching  subsequent  to  strain- 
ing. The  author  considers  that  all  the  available  evidence  indicates  that  twin 
•crystals  are  produced  in  tin  as  the  direct  result  of  mechanical  strain.  The 
^ew  of  spontaneous  annealing  is  not  permissible,  because  it  was  found  that 
when  tin  was  strained  at  100°  C.  practically  no  twins  were  formed,  but  at 
^temperatures  much  below  0°C.  twins  were  formed  in  large  numbers.  The 
mechanism  of  twinning,  and  its  effect  on  the  theory  of  hardening,  is  discussed 
at  some  length.  F.  C.  A.  H.  L. 

880.  Effect  of  Carbon  on  the  Physical  Properties  of  Carbon  Steels  in  Various 
-Conditions  of  Heat-treatment,  J.  H.  Nead.  (Am.  Inst.  Mining  Eng.,  Bull. 
No.  108.  pp.  2841-2857,  Dec,  1915.)— Static  tensile  tests,  ball-hardness  tests, 
and  a  micrographic  examination  have  been  made  on  a  series  of  carbon  steels 
xontaining  from  0*14  to  1'46  %  carbon.  Each  steel  was  tested  in  the  hot- 
rolled,  annealed,  water-quenched  and  oil-quenched  states,  and  also  after  oil- 
quenching  followed  by  tempering  at  various  temperatures.  The  temperatures 
chosen  for  annealing  and  quenching  were  based  on  the  annealing  tempera- 
tures for  carbon  steels  recommended  by  the  American  Society  for  Testing 
Materials  (Year  Book,  1914,  p.  201).  The  results  obtained  are  summed  up  in 
^  tables  and  11  diagrams.  In  a  general  way  they  indicate  that  in  annealed 
steels  the  max.  3rield-point  and  max.  strength  are  obtained  in  the  steel  of 
eutectoid  composition.  Up  to  this  composition,  increase  of  carbon  rapidly 
increases  the  strength.  In  the  heat-treated  steels  the  ultimate  strength  does 
not  show  any  falling  off  until  a  content  of  1*2  %  carbon  is  reached.  The 
elongation  and  contraction  show  increasing  values  with  decrease  of  carbon- 
content.  The  paper  is  illustrated  by  24  micrographs,  and  it  is  intended  to 
extend  the  work  to  a  determination  of  the  shock-resisting  properties  of  the 
steels  as  measured  by  the  Charpy  impact  bending  test.  F.  C.  A.  H.  L. 

390.  Alloy  Steel  of  Special  Composition,  J.  B.  Rhodes.  (Am.  Soc  Naval 
Eng.,  J.  1915.  Mech.  Eng.  88.  p.  61,  Jan.  28,  1916.  Abstract)— Describes 
ihe  qualities  of  an  alloy  steel  which  has  been  found  to  furnish  high-grade 
castings  and  forgings  from  the  same  mix  and  at  comparatively  low  cost.  In 
order  to  obtain  the  desired  results,  the  carbon  was  limited  to  0*85  %  and  the 
Mn  to  1*2 ;  Ni  was  added  in  the  form  of  nickel  Ni-steel  turnings  and  Ni  with 
-Cu  in  the  form  of  monel-metal  scrap.  The  composition  aimed  at  is  as 
follows  :  Carbon  0*8  to  0*85,  silicon  0*25  to  0*85,  phosphorus  and  sulphur  not 
over  0*05,  manganese  1*0  to  1*2,  nickel  1*5  to  1*8,  copper  0*5  to  0*8  %. 
The  addition  of  Cr  in  sufficient  qoantity  to  give  0*5  %  Cr  is  said  to  increase 
the  physical  properties  to  those  of  ordinary  Cr-Ni  steels  containing  1*0  %  Cr 
jmd  8  %  Ni.  C.  O.  B. 
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391.  Cause  and  Effect  of  "  Ghost  Lines "  in  Large  Steel  Forgiugs.  J.  O. 
Arnold.  (Inst.  Mech.  Eng.,  J.  9.  pp.  658-666 ;  Disc*,  667-672,  Dec,,  1915, 
and  pp.  675-699,  Jan.,  1916.  Engineering,  100.  pp.  542-544,  Nov.  26,  1915. 
Mech.  Eng.  86.  pp.  485-488,  Dec.  8,  1915.  Abstract.)— Comparison  of  the 
compositions  of  shavings  from  the  ghost-free  portions  and  the  ghost  line.s 
of  a  large  mild-steel  ingot  gave  the  following  figures  : — 

I    Ghost-free  Portions.    I  Ghosts 


Carbon,  % I  0820  '  0-880 

Silicon,  % 0-080  !  0810 

Manganese,  %  i  0*680  0*920 

Sulphur,  %    !  0020  0045 

Phosphorus,  % i  0036  0050 

! I 

Microscopic  examination  of  the  ghosts  showed  the  presence  of  excess  of 
MnS  and  also  excess  carbon  in  the  form  of  troostitic  pcarlite,  together  with 
siUcate  of  manganese.  It  is  obvious  that  the  elements  responsible  for  the 
segregation  are  carbon,  sulphur,  and  phosphorus.  Immediately  after  solidifi- 
cation and  after  forging  the  ghost  lines  are  highly  carburised,  but  after 
annealing,  the  ghosts  become  decarburised  owing  to  the  dissolved  phosphide 
expelling  the  carbide  to  the  edges  of  the  ghost.  Mechanical  tests — tension, 
torsion,  and  alternate  bending— show  that  the  material  containing  ghosts  is 
not  materially  different  from  ghost-free  material  so  long  as  the  plane  of  the 
stress  is  at  right  angles  to  the  ghost  lines.  Examination  of  ghosts  expelled 
from  a  Cr-Ni  steel  ingot  which  had  burst  during  the  casting  showed  that  they 
consisted  of  compound  and  variable  segregates  of  C,  S,  P,  and  Ni.  It  appears 
that  the  Ni  up  to  about  5  %  is  not  associated  with  the  carbon,  but  forms  a 
nickelide  of  iron,  Fe7Ni4.  In  the  rolled  state  this  alloy  has  a  yield-point  of 
nearly  60  tons  per  sq.  in.,  an  ultimate  stress  of  90  tons  per  sq.  in.,  with  an 
elongation  of  11  %  in  2  in.,  and  a  contraction  of  46  %.  Contrary  to  the 
general  belief  that  the  ghosts  are  the  traces  of  the  last-solidifying  portions  of 
the  metal,  the  author  considers  that  the  results  of  his  researches  prove  conclu- 
sively that  they  solidify  first.  In  the  process  of  solidification  of  an  ingot  the 
first  portion  to  freeze  is  a  definite  compound  or  solution  of  iron  and  sulphide 
of  manganese.  Being  of  relatively  low  density  the  material  rises  through  the 
main  mass  of  the  steel,  and  in  so  doing  forms  nuclei  to  which  the  migratory 
constituents  attach  themselves.  F.  C,  A.  H.  L. 

392.  Corrosion  of  Iron.  K.  P.  Grigoro witch.  (Rev.  Soc.  russe  de 
Metall.  1.  pp.  70-88,  and  115-147,  1914.  Rev.  de  Met.  12E.  pp.  242-247, 
July,  1915.)— -Of  the  three  different  theories  regarding  the  cause  of  the  rusting 
of  iron,  namely,  (1)  based  on  the  action  of  carbonic  acid,  (2)  based  on  the 
formation  of  hydrogen  peroxide,  and  (8)  based  on  the  theory  of  electrolytic 
action,  the  author  gives  preference  to  the  latter*  Study  of  the  effect  of 
contact  with  metals  whose  potential  is  lower  than  that  of  iron,  such  as  Pt, 
Cu,  Ni,  Pb,  and  Sn,  shows  that  these  materials  increase  the  rate  of  corrosion, 
Pt  producing  the  greatest,  and  Sn  and  Pb  exercising  the  least,  effect.  Contact 
with  metals  like  Mg,  Zn,  and  Mn,  whose  potential  is  greater  than  that  of  iron, 
retards  the  formation  of  rust.  The  J  effects  of  Cu«and  Zn  make  themselves 
apparent  for  some  distance  from  the  point  of  contact.  The  author  has  also 
studied  the  effect  of  ferrous  sulphide  on  corrosion.  This  material  favours  the 
formation  of  rust,  and  is  not  dissolved  itself  by  corrosion  in  water.  The  elec- 
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trolytic  potential  of  sulphides  is  less  than  that  of  iron,  and  the  acute  corrosion 
of  iron  containing  ,sulphur  is  explained  by  the  formation  of  galvanic  couples 
between  MnS  and  ferrite,  resulting  in  the  rapid  solution  of  the  latter.  This 
contradicts  the  theory  put  forward  by  Friend,  Bentley,  and  West,  to  the 
effect  that  the  corrosion  of  steels  containing  sulphur  is  accelerated  by  the 
oxidation  of  the  sulphur  to  sulphuric  acid.  Comparison  of  the  relative  rates 
of  corrosion  of  cast  iron,  wrought  iron,  and  steel  has  shown  that  in  tests  of 
short  duration  the  cast  iron  is  dissolved  more  rapidly  than  iron  or  steel.  The 
rate  of  corrosion  of  cast  iron,  however,  diminishes  in  time,  so  that  in  pro- 
longed tests  there  does  not  appear  to  be  much  difference  between  the  three 
classes  of  materials.  The  corrosion  of  iron  proceeds  in  two  stages  :  (1)  disso- 
lution according  to  the  equation  Fe  +  2H  =  Fe''  -|-  Ht,  and  (2)  oxidation  of 
the  ferrous  to  ferric  oxide.  Assuming  that  the  first  stage  takes  place  in  the 
absence  of  air,  the  conversion  of  metallic  iron  into  ions  can  only  take  place  if 
the  iron  has  a  potential  greater  than  that  of  hydrogen.  The  value  of  the  two 
potentials  varies  according  to  the  degree  of  dissociation  of  the  water.  When 
the  concentration  m'  of  the  iron  in  aqueous  solution  is  less  than  the  con- 
centration m\  of  the  ions,  dissolution  continues,  and  the  new  ions  pre- 
cipitate Fe(OH)t  from  solution.  In  this  case  the  loss  in  weight  indicates  the 
solubility  according  to  the  first  stage  of  the  corrosion.  But  if  the  concentra- 
tion of  the  iron  is  greater  than  the  ionic  concentration  at  saturation,  dissolu- 
tion  ceases  before  ionic  saturation  is  attained.  Reaction  (1)  now  becomes 
subservient  to  stage  (2),  and  hence  the  loss  in  weight  becomes  a  measure  of 
the  oxidation.  The  addition  of  acid  increases  the  ionic  concentration  and 
restores  the  first  state  of  a£Eairs  in  which  m'  <  mi.  Experiments  to  determine 
the  effect  of  heat  treatment  on  the  solubility  in  1  %  sulphuric  acid,  have  been 
carried  out  on  carbon,  nickel,  chrome,  and  chrome-nickel  steels.  The  results 
show  that  the  carbon  content  has  little  effect  on  the  solubility  of  a  steeL 
Max.  solubility  is  attained  in  quenched  steels  subsequently  tempered  between 
0°  and  400^  C.  In  the  majority  of  cases  annealed  steel  has  the  least  solubiUty. 
The  solubility-tempering  curves  show  a  rapid  fall  in  the  solubility  at  tempera- 
tures about  400^  C.  for  all  classes  of  steels.  Experiments  on  the  potential  of 
heat-treated  steels  showed  that  while  heat  treatment  undoubtedly  affects  the 
potential  developed  in  a  galvanic  cell,  the  effect  is  characterised  not  so  much 
by  the  initial  and  final  values  of  the  e.m.f.  as  by  the  shape  of  the  e.mi.-time 
curve.  The  methods  of  protection  of  iron  against  rusting  are  considered  and 
a  bibliography  of  the  literature  of  the  corrosion  of  iron  is  appended. 

F.  C.  A.  H.  L. 

393.  Determination  of  Grain-size  in  Metals.  Z.  Jeffries,  A.  Hi  Klinei 
and  E.  B.  Zimmer.  (Am.  Inst.  Mining  Eng.,  Bull.  No.  108.  pp.  aSd^-SSeQ, 
Dec.,  1915.)— The  properties  of  a  metal  vary  considerably  with  the  size  of  its 
grains.  For  most  industrial  purposes  a  fine-grained  structure  is  desirable, 
since  a  fine  structure  is  usually  accompanied  by  high  elastic  strength. 
Occasionally,  such  as  in  the  case  of  transformer  iron,  a  coarse  grain  is  pre- 
ferred. It  must  be  distinctly  understood  that  the  terms  fine  and  coarse 
grained  are  purely  relative  ;  for  example,  fine-grained  copper  may  be  coarser 
than  coarse-grained  high-speed  steel  and  fine-grained  copper  may  be  coarser 
than  coarse-grained  wire  drawn  from  steel  obtained  from  the  same  heat.  In 
metals  which  have  been  subjected  to  the  action  of  high  temperatures 
grain-size  is  often  a  better  indication  of  the  quality  of  the  metal  than  the 
tensile  strength  is,  and  in  any  case  the  measurement  of  grain-size  is  a  very 
valuable  adjunct  of  the  tensile  test.    The  planimeter  method  of  measuring 
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grain-size  is  accurate  but  tedious.  The  Heyn  method  is  most  conveniently 
carried  out  by  projecting  an  image  of  the  micro-section  at  known  magnifica- 
tion on  to  a  screen  of  squared  paper.  By  counting  the  number  of  grains 
intersected  by  each  line,  the  average  dimensions  of  the  grains  in  two  direc- 
tions at  right  angles  to  each  other  are  obtained,  and  the  product  of  these  two 
values  divided  by  the  square  of  the  magnification  gives  the  average  area  of 
the  grains.  The  intercept  method  as  developed  by  Howe  is  similar,  except 
that  the  measurements  are  not  made  along  parallel  lines.  A  large  number  of 
determinations  of  the  results  obtained  by  these  two  methods  in  comparison 
with  the  results  given  by  the  planimetric  method  indicate  that  neither  of 
them  is  very  accurate,  the  Heyn  being  subject  to  an  average  error  of  about 
18  %,  while  the  intercept  method  is  subject  to  an  error  of  about  22  %. 
Accordingly,  the  authors  have  developed  a  new  method  in  which  the  image 
is  projected  on  to  a  screen  on  which  is  ruled  a  circle  of  known  dimensions 
whose  area  is  less  than  the  total  area  of  the  image.  The  number  of  complete 
and  incomplete  grains  lying  inside  the  circle  are  counted  separately,  and  the 
incomplete  grains  are  converted  into  the  equivalent  number  of  complete 
grains  by  multiplying  by  0*6,  a  factor  which  has  been  determined  by  a  large 
number  of  planimetric  observations.  The  largest  error  found  in  187  deter- 
minations has  been  found  to  be  6*4  %,  the  average  error  being  only  2*1  %. 
In  the  application  of  any  of  the  alx>ve  methods  it  becomes  necessary  to 
obtain  a  fair  representation  of  the  sample  under  examination,  and  the  authors 
have  adopted  the  following  general  rules  for  sampling  :^(1)  Use  such  a 
magnification  that  the  fiekl  includes  at  least  60  grains.  (2)  Make  at  least  five 
determinations  at  about  equal  intervals  along  a  diam.  of  the  specimen  and 
either  take  the  average  value  or,  in  cases  where  one  part  of  the  specimen 
differs  considerably  from  another  part  as  regards  grain-^ze,  record  and  note 
the  position  of  the  limiting  values.  (8)  In  the  case  of  such  samples  as  small 
wire,  determine  the  total  number  of  grains  in  the  cross-section,  and  also  the 
number  for  a  given  length  of  the  longitudinal  section.  (4)  In  cold-worked 
samples,  the  degree  of  cold-working  can  be  expressed  by  the  ratio  of  the 
length  to  the  width  of  the  grains.  The  Heyn  method  can  be  used  most 
conveniently  for  determining  this  ratio.  F.  C.  A.  H.  L. 

804.  Determination,  by  the  Method  of  Diffusive  Convection  of  the  Coefficient 
of  Diffusion  of  a  Salt  dissolved  in  Water.  A.  Griffiths.  (Phys,  Soc.,  Proc. 
28.  pp.  21-84 ;  Disc.,  84,  Dec.,  1016.)— The  object  of  the  research  was  to 
develop  a  method  of  determining  the  coefficient  of  diffusion  of  a  salt  dissolved 
in  water  which  involves  the  application  of  purely  physical,  as  distinct  from 
chemical,  measurements,  which  possesses  the  characteristic  that  all  measure- 
ments are  made  after  the  attainment  of  the  steady  state  of  diffusion,  and 
which  promises  to  possess  the  advantage  that  there  shall  be  no  disturbance 
of  the  apparatus,  internally  or  externally,  during  the  period  of  crucial  observa- 
tions. In  general  the  diffusion  of  matter,  like  the  diffusion  of  heat,  produces 
convective  currents,  and  there  is  a  diffusive  convection  which  is  akin  to 
thermal  convection.  The  theory  of  the  method  is  first  dealt  with  and  the 
essential  features  of  the  apparatus  are  then  described  whereby  a  convective 
flow  is  obtained  of  the  order  of  one-millionth  of  a  cm.'  per  sec  from  the  top 
of  one  set  of  diffusion  tubes  to  ihM  top  of  another  set.  The  top  of  each  set  of 
diffusion  tubes  is  enclosed  in  a  gla^  vessel  containing  water,  and  the  one 
vessel  is  connected  to  the  other  by  means  of  a  long  capillary  tube.  Each  set 
of  8  diffusion  tubes  is  of  length  about  6  cm.,  and  has  a  total  area  of  cross- 
section  of  about  0*6  cm.'.  The  capillary  tube  is  about  160  cm.  long,  and  has  a 
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dianuof  1  mm. ;  the  linear  flow  of  a  coloured  index,  consisting  of  a  feeble 
solution  of  uranine,  is  of  the  order  of  10  cm.  per  day,  while  the  index  is 
introduced  by  means  of  a  special  four-way  glass  tap.  Preliminary  work  and 
difficulties  encountered  are  well  described,  particularly  the  means  taken  to 
remove  the  remarkable  growths  which  tend  to  form  in  the  apparatus.  Tables 
of  results  are  given.  H.  H.  Ho. 

396.  Determination  of  the  Coefficient  of  Diffusion  of  Potassium  Chloride  by  an 
Analytical  Method.  A.  Griffiths,  J.  M.  Dickson,  and  C.  H.  Griffiths. 
(Phys.  Soc.,  Proc.  28.  pp.  78-80  ;  Disc,  80,  Dec,  1915.)— An  attempt  has  been 
made  to  develop  an  analytical  method  of  determining  the  coefficient  of 
diffusion  of  a  salt  in  water  capable  of  3rielding  consistent  and  accurate  results. 
The  lower  ends  of  a  number  of  vertical  diffusion  tubes  end  in  a  reservoir  of 
large  capacity  containing  a  solution  of  potassium  chloride.  The  greater  part 
of  the  reservoir  is  above  the  lower  ends  of  the  tubes  and  by  gravity  the 
solution  at  the  lower  ends  is  kept  at  an  approximately  constant  concentration. 
The  upper  ends  of  the  tubes  are  covered  with  a  cap  provided  with  an  outlet 
and  an  inlet  tube.  Water  enters  the  cap  by  the  inlet  tube,'and  a  weak 
solution  containing  the  diffused  salt  leaves  the  cap  by  the  outlet  tube.  Time, 
which  may  be  as  long  as  a  fortnight,  is  allowed  for  the  attainment  of  the 
steady  state,  and  an  individual  experiment  may  last  six  weeks.  The  quantity 
diffused  is  obtained  by  chemical  anal3rsis.  In  the  case  of  a  solution  con- 
taining 0*3287  gm.  of  KCl  to  the  c.cm.  (a  8N. solution),  the  "  mean  diffusivity  " 
with  respect  to  water  is  1-708  x  10"*  cg.s.  units  at  18-5°  C.  T.  H.  P. 

396.  Remarks  on  Osmotic  Pressure,  J.  J.  van  Laar.  (K.  Akad.  Amster- 
dam, Proc  18.  pp.  184-190,  Sept.  8,  1915.)— The  osmotic  pressure  deduced 
thermodynamically  is  given  by  the  equation — 

,  =  #  — ^  =  RT/»b.  [  —  log. (1  —  ^)  +  ojr^, 
where  a  is  the  so-called  "influencing"  coefficient  in  consequence  of  the 
interaction  of  the  molecules  of  the  solvent  and  those  of  the  dissolved  sub- 
stance ;  all  kinetic  theories  of  osmotic  pressure,  which  are  not  in  accord  with 
thermodynamics,  and  which  omit  the  logarithmic  term  for  concentrated 
solutions  are  invalid.  For  very  dilute  solutions  the  above  equation  assumes 
the  familiar  form  ir  =  RT/z^o .  x  ;  but  the  deviations  in  strong  solutions  are  so 
much  less  than  in  the  non-ideal  gaseous  state,  and  the  logarithmic  term  per- 
sists into  such  very  dilute  solutions  that  there  is  good  reason  to  think  that  the 
comparison  with  gases  is  a  mere  analogy  rather  than  a  definite  relation, 
i.e,  osmotic  pressure  is  entirely  different  in  its  origin  from  gas  pressure. 

If  the  osmotic  pressure  were  caused  by  the  pressure  of  the  dissolved  sub- 
stance, as  van't  Hoff  and  others  have  assumed,  the  pressure  of  the  "  sugar  " 
molecules  against  the  semi-permeable  membrane  would  cause  the  reverse  of 
what  is  actually  observed,  i,e.  no  water  would  be  drawn  into  the  osmometer, 
but  all  flow  would  be  checked  because  there  was  already  a  greater  pressure 
inside.  In  reality  osmotic  pressure  is  caused  by  the  water  penetrating  through 
the  semi-permeable  membrane  into  the  sugar  solution,  and  giving  rise  to  a 
hydrostatic  pressure;  this  excess  of  pressure,  w=ip^p%,  is  the  so-called 
"  osmotic  pressure  "  of  the  solution.  A  kinetic  theory  of  osmotic  pressure  can 
only  be  sound  if  based  upon  a  study  of  the  diffusion  of  the  water-molecules, 
which  is  the  origin  of  all  the  phenomena.  T.  M.  L. 

397.  The  Conduction  of  Electric  Current  in  Ethyl  Ether.    J.  Fassbinder. 

(Ann.  d.  Physik,  48.  4.  pp.  449-480,  Nov.  9, 1915.   Dissertation,  Greifswald.)— 

The  author  finds  the  following  results :— The  dissociation  of  pure  ether  is 
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exceedingly  small,  and  the  conductivities  hitherto  obsei*ved  are  to  be  attri- 
buted to  impurities.  These  impurities  do  not,  however,  exist  in  an  ionised 
condition  in  the  ether,  but  are  adsorbed  and  ionised  on  thd  electrodes.  These 
ions  are  then  detached  from  the  electrodes  by  means  of  the  electric  field. 
Well-dried  electrodes  of  Pt  and  of  Ag  behave  very  dififerently.  Platinum 
adsorbs  the  ion-forming  substances  only  feebly  and  readily  gives  them  up, 
and  consequently  the  current  rapidly  falls  owing  to  the  loss  of  ions  by  the 
electrodes.  Silver,  on  the  other  hand,  shows  a  marked  adsorptive  power  for 
the  ion-forming  substances,  and  also  retains  the  ions  rather  firmly  on  its 
surface.  On  passing  the  current,  therefore,  between  silver  ions,  there  is  only 
a  slight  fall  in  conductivity.  In  one  cas.e,  with  a  rather  impure  specimen  of 
ether,  the  existence  of  ions  in  the  liquid  was  also  detected,  but  the  measure- 
ments lead  to  the  conclusion  that  the  dissociating  substance  is  mainly  driven 
out  of  the  electrodes  by  the  electric  field.  A.  F. 

308.  Alumina  in  Steel.  G.  F.  Comstock.  (Met.  and  Chem.  Eng. 
18.  pp.  891-895,  Dec.  1, 1915.) — Sulphides  form  the  most  common  inclusions 
in  commercial  steels.  They  were  formerly  thought  to  consist  of  manganese 
sulphide,  but  recent  investigations  have  shown  that  they  contain  varying 
proportions  of  iron  sulphide.  Next  in  importance  are  the  silicates  or  true 
slag  inclusions.  Recently  evidence  has  been  collected  which  permits  of  the 
differentiation  between  slag  inclusions,  alumina,  and  titanium  nitride.  The 
latter  substance  is  readily  distinguished  by  its  pink  colour.  Alumina  forms 
small  rounded  spots  which  are  very  dark  in  colour  and  di£Fer  from  true  slag 
inclusions  in  the  following  particulars : — Slag  inclusions  generally  take  a  fairly 
smooth  polish,  while  alumina  is  very  hard  to  polish  without  either  scratching 
or  pitting.  While  slag  inclusions  are  always  elongated  in  the  direction  of 
rolling  or  forging,  individual  particles  of  alumina  are  never  elongated, 
although  the  groups  of  particlesmay  be  elongated.  Silicate  inclusions  of  large 
size  are  frequently  met  with  in  steel,  but  the  particles  of  alumina  appear  to  be 
incapable  of  coalescence  even  when  they  are  grouped  very  close  together. 

Sixteen  micrographs  are  reproduced  to  illustrate  the  differences  between 
sulphides,  slag,  titanium  nitride,  alumina,  and  oxides  of  chromium,  titanium 
and  nickel.  F.  C.  A.  H.  L. 

399.  Chemical  and  Mechanical  Relations  of  Iron,  Molybdenum,  and  Carbon, 
J.  O.  Arnold  and  A.  A.  Read.  (Inst.  Mech.  Eng.,  J.  9.  pp.  629-651,  Dec, 
1915.  Engineering,  100.  pp.  555-557,  Nov.  26, 1915.)--Contains  the  results  of 
an  examination  of  a  series  of  five  Mo  steels  containing  from  2*48  to  20*7  % 
Mo  and  about  0*8  %  C.  The  results  of  mechanical  tests  are  given.  An  exami- 
nation of  the  carbides  separated  by  an  electrolytic  method  gave  interesting 
results.  These  show  that  at  about  1825  %  Mo  free  carbide  of  iron  disappears 
and  a  double  carbide  of  Fe  and  Mo  obtains,  which  corresponds  to  the 
formula  FesMoaC.  This  ferro-molybdenum  carbide  is  obtained  as  a  fine  grey 
powder,  insoluble  in  strong  boiling  HCl,  and  is  not  attracted  by  a  magnet. 

From  experiments  on  drastically  hardened  bars  of  the  20*7  %  Mo  steel, 
the  authors  conclude  that  the  carbon  in  hardened  steels  exists  in  the  form  of 
carbide  in  solid  solution. 

It  is  shown  that  ferro-molybdenum  pearlite  contains  18*25  Mo  and 
0*71  %  C,  and  that  its  transformation  into  hardenite  seems  to  begin  some- 
where upwards  of  900°  and  is  about  completed  at  1100°  C. 

The  paper  contains  a  general  survey  of  the  constitution  of  carbon, 
vanadium,  tungsten,  and  ferro-molybdenum  steels,  together  with  points  of 
resemblance  and  of  difference  between  the  actions  of  W  and  Mo  on  steel. 
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400.  Addendum  on  Alloys  of  Iron  and  Molybdenum.  R.  A.  Hadfield. 
(Inst.  Mech.  Eng.,  J.  No.  1.  pp.  701-718,  Jan.,  1916.)— Contains  the  results  of  a 
series  of  tests  carried  out  some  eight  years  ago  on  Mo-Fe  alloys.  In  one 
series  the  Mo  was  added  as  ferro-molybdenum,  and  in  a  second  scries  the 
Mo  was  added  as  metal ;  this  series  gave  the  more  uniform  results.  These 
results  show  that  the  effect  of  Mo  per  se  upon  iron  and  without  the  presence 
of  other  elements  is  not  likely  to  be  of  importance ;  the  alloys  containing 
up  to  8  %  Mo  show  little  variation  in  properties.  The  alloys  containing  more 
than  7  %  Mo  show  a  considerable  increase  in  hardness,  in  spite  of  the  low 
carbon  present.    A  useful  bibliography  is  included  in  the  paper.        C.  O.  B. 

401.  Influence  of  Oxygen  on  Some  Proper  lies  of  Pure  Iron.  W.  Austin. 
(Iron  and  Steel  Inst.,  J.  92.  pp.  157-161 ;  Corres.,  162-168,  1915.  Engineer- 
ing, 100.  pp.  455-456,  Oct.  29,  1915.) — Highly  oxygenated  alloys,  containing 
about  0*24  %  oxygen,  were  prepared  by  melting  pure  iron  with  ferric  oxide, 
lime,  and  magnesia  in  a  Girod  electric  furnace.  Cooling  curves  show  that 
the  presence  of  the  oxide  has  no  appreciable  effect  on  the  melting-point  nor 
the  Ar2  point,  but  it  does  lower  the  Ar3  point.  Micrographic  examination 
shows  the  oxide  to  be  present  in  mechanical  admixture,  and  under  high 
magnifications  the  inclusions  reveal  a  eutectic  structure.  It  would  appear 
that  the  oxide  is  soluble  in  molten  iron,  but  is  rejected  on  solidification. 
With  regard  to  corrosion  resistance,  it  appears  that  the  alloys  resist  atmo- 
spheric corrosion  very  well,  but  that  mild  steel  gives  better  results  in  dilute 
acids  and  wrought  iron  is  superior  in  sea-water.  Witfi  increasing  oxygen, 
the  density  decreases  and  the  hardness  increases.  Impact  tests  show  that 
the  material  possesses  "  blue-brittleness,"  with  subsequent  recovery.  Rolling 
difficulties  are  experienced  at  900%  but  manipulation  can  readily  be  effected 
at  temperatures  above  950°  C.  F.  C.  A.  H.  L. 


402.  Molecular  Weights  oj  Gases  by  an  Evaporation  Method,  H.  L. 
Trumbull.  (Am.  Chem.  Soc,  J.  87.  pp.  2662-2667,  Dec,  1915.)— The 
following  table  shows  the  relative  rates  of  evaporation  of  water  at  25*^  C. 
from  tiny  bottles  of  8  ccm.  capacity  made  from  capillary  tubing  having 
a  bore  of  6  mm.,  1  mm.,  and  4  mm.,  into  atmospheres  of  air,  hydrogen,  and 
carbonic  anhydride  : — 

Relative  Diffusion  Rates. 


HJAlT. 

Ha/COa. 

Air/COa. 

Bottle  1   

8-40 
8-24 
8-54 

4-77 
4-78 
4-98 

1        1-40 

Bottle  2   

1-48 

Bottle  8   

1-89 

1 

Mean    

8-89 

4-83 

1-42 

The  relative  rates  calculated  from  Graham's  law  of  diffusion  are  8*79,  4*67, 
1*24.  It  therefore  appears  that  the  relative  rates  of  evaporation  are  deter- 
mined by  the  rates  of  diffusion  of  the  gaseous  atmosphere,  and  might  be 
applied  in  determining  the  molecular  weights  of  the  gases.  It  is  suggested 
that  the  explanation  of  higher  and  more  constant  terrestrial  temperatures  in 
geologic  eras,  notably  in  the  carboniferous,  may  be  connected  with  the 
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slower  evaporation  of  water  into  an  atmosphere  rich  in  COf.  The  depend- 
ence of  rate  of  evaporation  upon  the  nature  of  the  gas  suggests  that  the 
feeling  of  warmth  caused  by  COt  upon  the  nerves  of  the  hand  may  be  due  to 
retardation  of  the  normal  rate  of  perspiration.  T.  M.  L. 

403.  Influence  of  HeaUireaimeni  on  Specific  Resistance  and  Chemical 
Constitution  of  Carbon  Steels.  E.  D.  Campbell.  (Iron  and  Steel  Inst., 
J.  W.  pp.  164>178  ;  Corres.,  178-180,  1915.  Engineering,  100.  pp.  681-688, 
Dec.  81,  1916.  Electrician,  76.  pp.  27-29,  Oct.  8,  1915.  Abstract.)— The 
work  described  in  Abs.  1781  (1915)  has  been  extended  to  a  series  of  iron- 
carbon  alloys  containing  from  0*04  to  2*71  %  carbon.  The  specific  resistance 
of  these  alloys  has  been  determined  after  quenching  from  892?  and  1108°  C. 
Study  of  the  results  shows  that  the  specific  resistance  of  a  quenched  steel 
increases  with  the  temperature  of  quenching,  which  is  compatible  with  the 
view  that  the  molecular  weight  of  the  dissolved  carbides  is  lowered  by 
progressive  dissociation.  Another  point  is  the  increase  of  specific  resistance 
of  hypoeutectoid  steel  after  heating  to  800°  as  compared  with  the  result  of 
reheating  to  600P  or  700°  C.  The  results  of  tempering  and  the  theoretical 
aspect  of  the  subject  have  already  been  discussed  [op,  cit.]. 

F.  C.  A.  H.  L. 

404.  Density  and  Viscosity  of  Aqueous  Solutions,  with  Special  Reference  to 
Nitric  Acid.  I.  Densities.  W.  R.  Bousfield.  (Chem.  Soc.,  Trans.  107. 
pp.  1405-1426,  Sept.,  1915.) — ^The  densities  of  aqueous  solutions  of  nitric  acid 
from  N  to  N/82  were  determined  with  very  great  care  at  4°,  11°,  18°,  and  25°  C. 
The  accidental  errors,  as  shown  by  the  concordance  between  observed  and 
calculated  values  did  not  exceed  about  ±  0*000005.  These  observations  are 
interpreted  by  means  of  a  "  contraction  function"  x  =V  (p/pw-*),  where  V  is 
the  volume  in  ccm.  of  a  solution  containing  one  equivalent  or  gm.-molecular 
weight  E  of  solute  mixed  with  H  gm.  of  water,  or,  if  all  densities  are  relative 
to  water  x=s  1000  Ap/m :  it  is  thus  a  function  of  the  same  character  as  the 
''molecular  freezing-point  depression"  or  the  "molecular  viscosity  incre- 
ment" The  contraction  which  occurs  in  producing  1  ccm.  of  solution  is  given 
by  C=(x— X«)/(E  +  H)v,  and  it  is  proposed  to  describe  as  the  "  euthetic-point " 
the  composition  at  which  the  contraction  ^  is  a  maximum,  so  that  dlldU  s  0. 
Geometrical  relationships  between  the  various  quantities  are  deduced.  The 
euthetio-point  for  nitric  acid  is  calculated  to  correspond  with  HNOt,  8HtO  ; 
for  sulphuric  acid  it  is  given  as  5/8  HtO  instead  of  2HtO  as  given  by 
Mendeleef  ;  for  solutions  of  sucrose  the  euthetic-point  is  about  0*1  HtO,  and 
probably  depends  on  changes  in  the  constitution  of  the  solvent,  rather  than 
on  the  formation  of  a  "  euthetic  hydrate."  T.  M.  L. 

406.  Production  of  Movement  by  Molecular  Directive-force  in  Liquid  Crystals. 
O.  Lehmann.  (Ann.  d.  Physik,  48.  2.  pp.  177-192,  Oct.  14,  1915.)~An 
account  is  given  of  various  ways  in  which  the  directive  forces  of  crystallisation 
may  give  rise  to  actual  motion.  In  the  case  of  liquid-crystals,  the  motion  set 
up  is  shown  by  12  series  of  kinematograph  pictures,  each  containing  21 
exposures.  T.  M.  L. 

406.  On  Willard  Gibbs*  Adsorption  Coefficient.    A.  W.  Porter.    (Faraday 
Soc.,  Trans.  11.  pp.  51-52,  Oct,  1915.)^Gives  an  outline  of  a  proof  of  Gibbs' 
absorption  theorem,  which  is  easily  extended  to  the  case  of  sh-ong  solutions. 
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407.  Simple  Method  of  deriving  the  Gibbs  Absorption  Formula,  F.  J. 
Harlow  and  R.  S.  Willows.  (Faraday  Soc,  Trans.  11.  pp.  68-64,  Oct., 
1916.) — The  direct  method  here, described  of  treating  such  problems  makes 
use  of  the  idea  of  chemical  potential.  L.  H.  W. 

408.  Dissolution  and  Separation  of  Substances,  and  especially  of  Liquid 
Crystals.  O.  Lehmann.  (Ann.  d.  Physik,  47.  6.  pp.  882-662,  Aug.  17, 
1916.) — The  existence  of  liquid-crystals  is  incompatible  with  the  view  adopted 
by  Nernst  that  in  a  crystalline  solid  the  molecules  are  replaced  by  atoms 
grouped  into  space-lattices,  since  liquid-crystals  (which  are  not  sharply 
separated  from  solid  crystals)  do  not  usually  exhibit  this  complete  rectilinear 
lattice-structure.  It  is  also  urged  that  liquid-crystals  are  incompatible  with 
various  theories  of  identity,  e.g,  identity  of  the  molecules  of  liquid  and  vapour 
in  evaporation  or  at  the  critical-point,  and  of  dissolved  and  gaseous  molecules  ; 
the  view  is  adopted  that,  on  the  contrary,  the  molecules  of  an  isotropic  melt 
cannot  be  identical  with  those  of  the  liquid-crystalline  modification,  apparently 
because  the  unequal  solubility  or  stability  of  these  two  forms  cannot  be 
attributed  to  dissimilar  physical  structure,  where  both  forms  are  so  largely 
chaotic.  Nernst's  form  of  the  osmotic  theory  of  solutions  (''solution- 
pressures,"  etc.),  is  also  regarded  as  untenable.  A  modified  physical  theory 
is  put  forward,  according  to  which  the  separation  from  solution  of  liquid  or 
solid  bodies  brings  into  consideration  the  following  forces  :  expansive  force, 
self-purifying  force,  cohesion  or  adhesion  pressure,  and  (especially  in  liquid- 
crystals)  molecular-directive  forces  which  influence  all  the  others.  The 
formation  of  crystals,  especially  of  mixed  crystals,  does  not  depend  simply 
on  the  predomiiiiance  of  van't  Ho£E's  osmotic  pressure  over  the  solution- 
tension,  but  is  essentially  aQ  e£Fect  of  the  same  forces  which  determined 
adsorption.  Crystals  grow  by  the  adhesion  of  ready-formed  molecules 
which  are  present  in  the  solution,  but  the  molecules  of  cli£Eerent  polymorphic 
modifications  and  ''  states  of  aggregation  "  of  a  substance  are  not  identical. 

T.  M.  L. 

409.  Calomel  Standard  Cell.  O.  F.  Lipscomb  and  G.  A.  Hulett.  (Am. 
Chem.  Soc.,  J.  88.  pp.  20-27,  Jan.,  1916.)— The  combination  studied  is— 

Cd  Amalgam  |  CdCl>.2iHtO .  Hg>Cl>  |  Hg, 

and  the  results  obtained  prove  a  reproducibility  aad  constancy  rather  better 
than  that  of  either  the  Clark  or  Weston  cells.  The  cadmium  chloride  was 
freed  from  metals  having  a  lower  electrolytic  potential  than  Cd,  and  in 
addition  any  of  the  metals  with  sulphides  more  insoluble  than  that  of  Cd« 
The  HgtCIs  was  prepared  electrolytically  from  mercury  and  hydrochloric 
acid,  a  current  density  of  2  amps,  per  100  cm.'  of  electrode  surface  being 
used.  The  product  obtained  was  crystalline  and  grey  in  colour,  due  to  the 
presence  of  finely-divided  mercury.  A  10%  cadmium  amalgam  was  used  in 
the  construction  of  the  cells.  Two  groups  of  cells  were  made  at  different 
times,  using  calomel  and  cadmium  chloride  from  two  di£Ferent  preparations. 
The  cells  appear  to  be  reprodndble  within  0*00001  volt  Finally  the  various 
thermodynamic  and  thermochemical  relations  in  connection  with  the  reaction 
occurring  in  the  cells  are  considered.  F.  E.  S. 

410.  Double  Salts  in  Standard  Cells.  O.  F.  Lipscomb  and  O.  A. 
Hulett.  (J.  Phys.  Chem.  20.  pp.  76-^  Jan.,  1916.)— Double  salts  such  as 
ZoSOiKtSOi.OHtO  and  CdSOi  KsSOi . OHtO  may  be  used  in  Clark  and 
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Weston  standard  cells  respectively,  while  double  chloride  salts  such  as 
ZnCls  2KCI  also  offer  some  possibilities.  Furthermore,  with  one  double  salt 
we  may  have  three  different  saturated  cells,  viz.— 

(1)  Zinc  Amalgam  |  KySOi .  ZnSO^ .  6H,0  I  Hg^SOi  |  Hg 

(2)  Zinc  Amalgam  j  J^l^;*  ^^f^^*  *  ^"'^  }  Hg^SO,  |  Hg 
(8)  Zinc  Amalgam  j  '^^^^^^''* '  ^"'^  j  Hg.SO.  |  Hg 

where  the  double  salt,  or  double  salt  and  simple  salt,  with  their  saturated 
solutions,  represent  reproducible  equilibrium-points  in  the  phase-rule 
diagram.  The  phase  relationships  of  the  various  salts  was  fully  investi- 
gated and  the  e.m.f  .'s  of  combinations  (1),  (2),  and  (8)  were  determined  to  be 
1-46966, 1-41976,  and  1-48680  volts  respectively  at  26°.  Chloride  cells  were 
also  investigated.  F.  E.  S. 

411.  Periodic  Passivity  of  \Iron,  A.  Smits  and  C.  A.  L.  de  Bruyn. 
(K.  Akad.  Amsterdam,  Proc.  18.  Nos.  4-6.  pp.  807-811, 1916.)— The  passive 
state  of  iron  can  be  abolished  by  bringing  it  into  contact  with  solutions 
containing  chloride,  bromide,  or  iodide  ions.  With  an  iron  anode  and  a 
ferrous  sulphate  electrolyte,  therefore,  it  should  follow  that  at  a  given  velocity 
of  solution  of  the  iron,  as  determined  by  the  current  density,  it  should  be 
possible  to  find  a  concentration  of  chloride  ions  (obtained  by  the  addition  of 
ferrous  chloride)  such  that,  at  a  particular  instant  the  chance  that  the  iron 
remains  passive  is  just  as  great  as  the  chance  that  it  becomes  active,  and 
vice  versa.  If,  4t  this  moment,  the  current  density  is  somewhat  diminished, 
the  change  from  passive  to  active  will  take  place,  with  the  result  that  iron 
goes  into  solution.  The  ferrous  ions  thus  produced  in  the  neighbourhood  of 
the  anode  will  decrease  the  concentration  of  the  chloride  ions,  with  the  result 
that  the  iron  will  become  passive  again  after  a  time.  The  above  process  will 
then  be  repeated  again,  with  the  result  that  periodic  phenomena  should  be 
observed. 

The  authors  have  been  able  to  verify  the  above  deductions.  With  a 
solution  containing  0*478  mol.  FeSOi  and  0*028  mol.  FeCls  per  litre,  and 
a  current  density  varying  from  0-166  amp./cm.*  (passive)  to  0-196  amp./cm,* 
(active)  a  variation  in  the  anodic  potential  from  -|- 1*4  volts  to  —0*84  volt  was 
obtained,  the  duration  of  the  period  being  6-64  sees,  and  the  passive  state 
lasting  about  as  long  as  the  active  state.  With  current  densities  of  0-180 
amp./cm.'  (passive)  and  0*266  amp./cm.*  (active),  the  duration  of  the  period 
was  6'8  sees.,  the  passive  state  lasting  longer  than  the  active.  When  iron 
has  been  made  passive  by  anodic  polarisation  in  an  electrolyte  of  ferrous 
sulphate,  and  the  current  is  then  cut  off,  the  anodic  potential  diminishes 
rapidly  at  first,  next  remains  fairly  constant  for  a  short  time,  and  afterwards 
diminishes  again  rapidly.  The  constant  potential  has  been  explained  by 
Smits  and  Aten  as  being  due  to  the  existence  of  passive  and  active  metal  side 
by  side,  the  passive  phase  gradually  changing  into  the  active.  Since  chloride 
ions  accelerate  this  change,  it  should  be  possible  to  eliminate  this  constant 
potential  altogether,  by  the  addition  of  ferrous  chloride.  This  is  found  to  be 
the  case  with  a  0*478  molar  solution  of  ferrous  sulphate,  to  which  is  added 
0*00048  mol.  of  ferrous  chloride.  Lower  concentrations  of  ferrous  chloride 
simply  diminish  the  time  of  duration  of  the  constant  potential.  T.  S.  P, 
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GENERAL  PHYSICS. 

412.  Polar  Oscillograph  and  Harmonic  Analyser.  (El.  World.  67.  p.  865' 
Feb.  5, 1916.) — Gives  illustrations,  but  not  detailed  descriptions,  of  (i)  a  polar 
oscillograph  attachment,  which  can  be  used  on  a  standard  oscillograph  ;  and 
(ii)  a  harmonic  analyser  designed  to  give  any  one  harmonic  at  a  time,  odd  or 
even,  as  high  as  the  fiftieth.  The  polar  oscillogram  is  made  on  a  photo- 
graphic film  about  10  in.  in  diam.,  and  is  then  printed  on  a  sensitised  piece 
of  Bristol  board,  from  which  a  templet  is  cut  for  use  on  the  analyser.    Both 

nstruments  are  made  by  the  Westinghouse  Electric  Co.  (U.S.A.).       A.  W. 

413.  Precision  Method  for  observing  Coincidences  of  Periodic  Phenomena. 
A.  Perot.  (Comptes  Rendus,  162.  pp.  194-195,  Jan.  81,  1916.)— Describes  a 
method  for  determining  to  an  accuracy  of  about  1/100000  sec.  the  time  of 
coincidence  of  two  periodic  phenomena  of  such  a  nature  that  they  can  be 
made  to  close  an  electric  contact.  The  apparatus  is  shown  in  the  Fig.  in 
which  A  and  B  are  the  two  contacts ;  C  is  a  condenser.  Pi  and  Pt  are  the  two 


'U 


i 


i£>' 


B 


primaries  of  the  transformers  of  the  two  telephones  Ti  and  Tt.  If  the  contact 
A  is  closed  before  the  contact  B,  the  condenser  will  be  charged  by  the  circuit 
APi,  and  the  telephone  Ti  will  sound ;  when  the  contact  B  is  closed  there 
will  be  no  current  through  the  transformer  Pt,  since  the  condenser  is  now 
charged,  and  hence  the  telephone  Ts  will  not  sound.  To  permit  the  gradual 
discharge  of  the  condenser  it  is  shunted  with  a  resistance  of  some  tens  of 
thousands  of  ohms.  Coincidence  is  observed  when  the  sound  in  the  two 
telephones  is  heard  simultaneously  and  of  equal  intensity.         L^*  I"-  W* 
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414.  Recording  of  rapidly  varying  Phenomena.  Q.  Keinath.  (Elekt. 
Zeits.  86.  pp.  688-685,  Dec.  2 ;  651-668,  Dec.  9 ;  662-664,  Dec.  16,  and  pp.  679- 
682,  Dec.  28,  1915.  Paper  read  before  the  Elektrotechn.  Verein,  May  18, 
1915.)— The  author  discusses  the  conditions  which  must  be  satisfied  for 
accurate  recording  in  connection  with  various  instruments  such  as  the 
oscillograph,  electro-cardiograph,  wattmeter,  anemometer,  etc.  The  efiFects 
produced  by  varying  the  frequency  and  the  damping  of  the  moving  parts 
are  very  fully  dealt  with  by  means  of  curves.  Photographic  recording  and 
recording  by  means  of  sparks  are  described  in  great  detail.  The  paper 
contains  a  large  amount  of  information  which  cannot  be  usefully  abstracted 
without  reference  to  the  numerous  curves  and  diagrams.  I.  W. 

416.  Resistance  to  Axial  Bending  and  Factor  of  Safety,  QQtnbel.  (Zeits. 
Vereines  Deutsch.  Ing.  59.  pp.  1058-1068,  Dec.  25,  1915.)— A  mathematical 
analysis  of  the  results  of  Tetmajer*s  work  shows  that  the  problem  of  axial 
bending  resolves  itself  into  that  of  eccentric  loading.  The  equations  for  the 
determination  of  the  degree  of  bending  and  the  stresses  produced  by  a  given 
load  are  worked  out.  Attention  is  called  to  the  importance  of  the  definite 
workshop  control  of  the  true  eccentricity  of  the  load  applied  and  of  the 
bending  of  the  bar  in  the  unloaded  state.  The  factors  to  be  introduced  in 
the  equations  from  these  causes  are  worked  out.  In  the  definition  of  the 
factor  of  safety  of  a  construction  it  is  shown  that  not  only  must  the  max. 
stress  to  which  the  structure  is  to  be  submitted  bear  a  definite  relation  to  the 
yield  stress  in  tension  or  compression,  but  also  that  the  work  absorbed  must 
bear  the  same  ratio  to  the  capacity  for  work  up  to  the  yield  stress.  On  this 
basis  the  equations  for  the  calculation  of  the  permissible  load  are  worked 
out  and  the  results  exemplified  by  two  numerical  examples.      F.  C.  A.  H.  L. 

416.  Bendingand  Torsion  of  Beams  of  Commercial  Section.  E.Q.Ritchie. 
(Engineering,  101.  pp.  49-50,  Jan.  21,  and  pp.  96-97,  Feb.  4,  1916.)— The 
author  gives  an  account  of  experimental  tests,  both  in  bending  and  torsion, 
of  21  beam  sections,  particulars  of  which  are  given  in  a  table  of  dimensions 
and  another  large  one  of  results.  For  these  reference  must  be  made  to  the 
original.  The  investigation  demonstrates  in  a  striking  manner  the  enormous 
discrepancies  that  exist  between  the  actual  torsional  strength  of  a  beam,  and 
its  strength  as  calculated  from  the  ordinary  torsional  formula.  The  experi- 
ments on  the  square  and  rectangular  sections  amply  confirm  St  Venanf  s 
mathematical  deductions,  while  for  such  sections  as  are  used  in  practice  (I, 
channel,  tee,  etc.),  the  empirical  formulae  given  in  the  article  will,  it  is 
claimed,  give  results  accurate  enough  for  all  practical  purposes.        L.  H.  W, 

417.  The  Teaching  of  the  History  of  Science.  F.  E.  Brasch.  (Science,  42. 
pp.  746-760,  Nov.  26, 1915.)— It  is  only  recently  that  any  great  indication  of  a 
change  in  method  in  science  teaching  in  the  higher  institutions  of  the  United 
States  has  been  manifested.  They  have  found  that  "  science,"  as  a  means  of 
education,  assumes  a  broader  aspect  in  courses  upon  the  history  of  scientific 
progress. 

This  paper  is  divided  into  two  parts,  namely :  first,  the  arguments  regard- 
ing the  intrinsic  value  of  the  history  of  science  as  a  study  and  as  a  factor  in 
educational  efficiency ;  the  second  division  contains  facts,  tables,  and  other 
material  necessary  to  show  the  present  condition  and  trend  of  the  subject. 
It  is  concluded  that  the  general  course,  as  opposed  to  specific  courses,  is 
coming  to  be  the  accepted  standard  for  history  in  science.  L.  H.  W. 
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418.  Theory  of  Waier-hammer.  C.  Fossa-Mancini.  (N.  Cimento,  10, 
pp.  829-426,  Nov.-Dec.,  1916.)— This  lengthy  monograph  is  entirely  of  a 
mathematical  character,  the  subject  being  dealt  with  under  the  following 
heads :  Instantaneous  closing  in  an  elastic-walled  pipe  with  a  compressible 
fluid  ;  Slow  closing  in  a  rigid  pipe  with  incompressible  liquid ;  Slow  closing 
in  an  elastic-walled  pipe  with  compressible  liquid ;  E£Fect  on  the  water* 
hammer  of  an  air  chamber  or  a  stand-pipe.  It  is  concluded  that  the  utility 
of  an  air  chamber  is  the  greater  the  more  rapid  the  closing  and  alwa3rs 
becomes  less  as  the  rapidity  of  closing  diminishes.  For  the- stand-pipe,  on 
the  other  hand,  the  value  of  this  is  greater,  the  longer  the  duration  of  the 
closing  process.  For  extremely  rapid  closing  the  stand-pipe  has  no  appre« 
ciable  effect.  ^  L.  H.  W. 

419.  Capillarity  [Soap  Films).  J.  Dewar.  (Engineering,  101.  pp.  87-88, 
Jan.  28, 1916.  Discourse  delivered  before  the  Roy.  Inst) — The  rate  of  diffu- 
sion of  various  gases  through  very  thin  membranes  of  rubber,  studied  between 
— 40°  and  -f  40°  C.  and  at  pressures  up  to  20  atmos.,  increases  in  the  order  : 
carbon  monoxide,  air,  helium,  oxygen,  hydrogen,  carbon  dioxide;  in  all 
cases  the  diffusion  is  much  more  rapid  as  the  temperature  rises,  especially 
for  H  and  COi,  and  the  logarithmic  curves  all  show  breaks  at  about  0°  C. 
Experimenting  with  thinner  films,  it  was  found  that  the  thinnest  black 
soap-films  are  not  unstable  if  made  in  pure  air  or,  better  still,  in  a  vacuum. 
The  minimum  thickness  of  films  has  been  estimated  at  120  x  10^  nmi.  by 
Plateau,  at  40  down  to  12  by  Reinold  and  Riicker,  at  5  by  Johonnot,  at  1*18 
by  Rayleigh,  and  at  2  or  8  by  Devaux  (the  last  two  did  not  use  soap-films) ; 
Dewar  estimates  his  soap-films  at  1  x  10~^  mm.  Black  films  will  keep  for 
months  and  may  be  rocked  to  and  fro.  They  are  easily  produced  by  shaking 
the  oleate  solution  contained  in  an  evacuated  bulb  and  allowing  the  froth  to 
settle,  when  more  than  a  dozen  horizontal  films  may  appear  in  a  bulb 
resembling  a  wide  thermometer  tube.  Circular  or  rectangular  loops  of 
Pt-wire  may  be  fixed  in  these  bulbs  to  steady  the  advance  of  the  black  film 
portion  which  spreads  downward  within  a  few  minutes  or  hours.  This  rate 
of  fall  of  the  black  line  ranged,  with  horizontal  and  vertical  films,  in  air  or 
vacuum,  from  4  mm.  per  min.  down  to  0*016  mm.  Another  form  of 
apparatus  is  obtained  by  blowing  the  two  upper  bent  limbs  of  a  kind  of 
Y-tube  into  spherical  cups  until  the  rims  of  the  cups  touch;  the  soap 
solution  is  contained  in  the  lower  limb,  and  films  form  especially  in  the 
plane  where  the  two  cups  unite.  This  apparatus  is  placed  in  a  black  box 
suitable  for  optical  examination  of  the  films.  H.  B. 

420.  Simple  Apparatus  for  the  Determination  of  Surface  Tension,  with  a  Metal 
Thermo-regulatorfor  Rapid  Adjustment  of  Temperature.  W.  D.  Harkins  and 
F.  E.  Brown.  (Am.  Chem.  Soc.,  J.  88.  pp.  246-262,  Feb.,  1916.)— The 
apparatus  here  described  has  been  carefully  designed  to  fulfil  the  require- 
ments of  the  drop-weight  method  of  determining  surface  tension.  In 
conjunction  with  it,  a  thermo-regulator  is  used  which  is  constructed  of 
nickel-plated  steel  and  filled  with  mercury ;  by  means  of  a  regulating  screw 
the  regulator  may  be  set  very  quickly  at  any  temperature  between  1° 
and  97°.  T.  H.  P. 

421.  Surface  Tension.  I.,  IL,  IIK  W.  D.  Harkins  and  £.  C.  Hum- 
phery.  (Am.  Chem.  Soc.,  J.  88.  pp.  228-286,  286-241,  and  pp.  242-246, 
Feb.,  1916.     Paper  read  before   the   Nat.  Acad.  Sci.,  Dec.,   1914.)— The 
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capillary  tube  method  of  determining  surface  tension  is  found  to  be  inaccurate 
whenever  aqueous  solutions  of  bases  are  used,  but  the  drop-weight  method 
gives  accurate  results.  This  difference  is  due  to  the  fact  that,  in  the  capillary 
tube  method,  the  surface  of  the  liquid  is  very  small  and  thus  highly  sensitive 
to  the  influence  of  impurities ;  further,  there  is  in  this  method  always  the 
doubt  as  to  the  magnitude  of  the  contact  angle.  The  surface  of  a  drop  such 
as  is  used  in  drop-weight  determinations  is,  on  the  other  hand,  relatively  large 
and  may  also  be  formed  very  quickly  and  thus  give  a  fresh  surface,  and  the 
theory  of  the  form  of  the  drop  gives  no  indication  that  the  angle  of  contact  is 
dependent  on  the  material  of  the  tip  if  the  latter  has  the  proper  form. 
Lohnstein's  theory  of  the  form  of  the  function  which  must  be  inserted  in  the 
equation  giving  {he  surface  tension  a  in  terms  of  the  weight  of  the  falling  drop, 
W  [see  Abs.  1667  (1906),  610  (1907),  747  (1908)]  has  been  tested  experimentaUy 
at  the  interface  between  two  liquids.  From  the  standpoint  of  the  theory  of 
drop-formation  this  is  an  ideal  method,  since  in  a  liquid  the  drop  falls  much 
more  slowly  than  in  a  gas.  Lohnstein  calculated  the  values  of  the  function  of 
ria  in  the  equation,  a  =  W[2?rf/(r/fl)].  Lohnstein's  values  of  this  function,  and 
the  experimental  values  give  curves  of  exactly  the  same  form,  especially  in 
the  initial  stages  where  /(r/a)  =  1  and  rja  =  0.  For  higher  values  of  rIa 
Lohnstein's  curve  is  not  smooth,  but  sinuous,  probably  owing  to  neglect  to 
carry  the  integrations  sufficiently  far ;  these  values  are  not  accurate  to  less 
than  4  %,  but  are  of  importance  since  they  prove  that  such  laws  as  that  of  Tate 
are  only  approximations. 

The  surface-tension  curve  is  somewhat  flat  at  the  bottom,  and  Tate's  law 
assumes  that  the  horizontal  tangent  is  the  same  as  the  curve.  Other  tangents 
can,  however,  be  drawn  which  approximate  as  closely  to  the  curve  as  does  the 
horizontal  one,  so  that  other  laws,  as  good  but  not  as  simple  as  that  of  Tate, 
can  be  formulated.  The  correction  curve  found  experimentally  is  lower  than 
Corresponds  with  Morgan's  values  [Abs.  1878  (1915)],  owing  to  the  fact  that 
the  latter  are  based  on  the  low  values  of  the  surface  tension  found  by  Ramsay 
and  Shields  and  others  by  the  capillary  tube  method. 

An  apparatus,  simple  to  set  up  and  use,  has  been  devised  for  the  accurate 
determination  of  surface  tension  at  a  liquid-liquid  interface.  This  may  be 
used  for  the  determination  of  the  surface  tension  of  a  single  liquid,  but  that 
described  by  Harkins  and  Brown  [preceding  Abs.]  is  more  suitable  for  this 
purpose.  Another  apparatus,  for  measurements  by  the  capillary  tube  method, 
is  also  described,  the  tube  containing  the  large  meniscus  being  10  cm.  in  diam. ; 
the  results  obtained  were  checked  by  making  the  large  meniscus  about  15  cm. 
By  the  use  of  such  large  tubes  the  commonest  error  in  capillary  height 
measurements  is  avoided  [compare  Richards  and  Coombs,  Abs.  1872  (1915)]. 

The  surface  tension  has  been  determined  at  the  interfaces  between  water 
and  the  following  liquids  :  benzene,  ethyl  carbonate,  dimethylaniline,  xylene, 
toluene,  and  hexane.  The  results  for  water-benzene  are  about  6  %  higher  than 
those  of  V.  Lerch  [Abs.  588  (1908)]  and  Antonow ;  this  change  is  in  the  same 
direction  as  that  found  by  Richards  and  Coombs  for  the  surface  tension  of 
single  liquids.  The  effects  of  acids,  bases  and  salts  on  the  surface  tension  at 
the  water-benzene  interface  have  been  studied.  The  effect  of  bases  is  much 
smaller  than  was  found  by  v.  Lerch,  the  new  results  being  in  some  cases  as 
much  as  85  %  higher  than  the  older  ones  ;  this  difference  is  due  to  a  change 
from  the  capillary  tube  to  the  drop-weight  method.  T.  H.  P. 
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422.  Infra-red  Filtering  Screen  from  8000  A.U,  G.  Michaud  and  J.  F. 
Tristan.  (Archives  des  Sciences,  41.  pp.  58-68,  Jan.  15, 1910.)— A  substance 
is  sought  that  is  opaque  to  waves  of  shorter  length  than  7950  A.  but  trans- 
parent for  the  whole  or  greater  part  of  the  region  between  7950  and  10,500  A.U. 
A  combination  of  three  colours,  chrysoidine  (chlorhydrate  of  diamidoazo- 
benzene),  methyl  green  and  naphthol  green,  is  found  satisfactory.  Chryso- 
idine is  a  brown  powder,  the  solution  of  which  varies  from  yellow  to  orange- 
red  with  the  concentration.  It  absorbs  the  violet,  blue,  and  green  from  8700 
to  5800  A.  It  allows  the  ultra-violet  of  sunlight  to  pass.  This  is  absorbed  by 
the  methyl  green,  which  also  absorbs  the  yellow,  orange,  and  red  beyond 
5800  A.  The  opacity  of  the  methyl  green  ceases  towards  7200  A. ;  the  trans- 
parence of  the  solution  for  the  extreme  red  and  infra-red  then  becomes 
extraordinary.  The  naphthol  green  finally  completes  the  opacity  of  the 
screen  for  the  region  between  8500  and  8900  A.  The  following  solutions 
contained  in  cells  8  mm.  diam.  each,  and  superposed,  give  the  best  results : 
Chrysoidine,  1  %  aqueous  solution;  methyl  green,  2  %  aqueous  solution; 
naphthol  green,  an  aqueous  solution  varying  in  concentration  from  1  %  to  2  % 
according  as  it  is  desired  to  extinguish,  beyond  the  extreme  red,  a  length  more 
or  less  considerable  in  the  infra-red.  These  three  coloured  solutions  cannot 
be  used  as  a  mixture  in  the  same  cell  since  the  naphthol  green  forms  a  pre- 
cipitate with  the  other  solutions.  The  length  of  exposure  must  be  multiplied 
by  a  coefficient  which  varies  between  600  and  10,000  according  to  the  con- 
centration of  the  naphthol-green  solution.  A.  E.  G. 

423.  Quantitative  Light-filter  for  the  Ultra-violet.  N.  P.  Peskov.  (Russ* 
Phys.  Chem.  Soc.  }.  47.  pp.  918-942, 1915.)— By  the  qualitative  investigation 
of  spectrograms,  the  author  has  devised  a  light-filter,  in  which  gaseous 
bromine  and  chlorine  are  used  in  conjunction,  which  absorbs  the  spectral 
region  500-800 /i/«.  By  means  of  an  improved  modification  of  Henri's  photo- 
graphic method  [Abs.  1558, 1559  (1911) ;  1679  (1912) ;  1818, 1819  (1918)]  for 
determining  coefficients  of  absorption  in  the  invisible  part  of  the  spectrum, 
these  coefficients  have  been  measured  for  gaseous  CI  and  Br  for  48  lines  of 
the  spectrum  of  the  quartz  lamp.  The  process  of  absorption  of  light  in  mix- 
tures of  several  absorbing  components  is  formulated  mathematically,  and  by 
means  of  the  formulae  deduced  it  is  shown  experimentally  that,  when  dry  CI 
and  Br  are  mixed,  the  characters  of  their  absorption  remains  unchanged. 
Beer's  law  being  consequently  obeyed.  The  light-filter  has  been  subjected 
to  detailed  quantitative  investigation,  concentrations  of  Br  and  CI  being 
found  which  permit  of  the  filtering  of  any  part  of  the  spectrum  chosen 
beforehand ;  this  filtration  may  be  restricted  within  such  narrow  limits  as 
250  and  240 /I/*.  T.  H.  P, 

424.  Photography  of  Zodiacal  Light  and  Counterglow.  A.  £.  Douglass. 
(Phot.  J.  56.  pp.  44-47 ;  Disc,  47-48,  Feb.,  1916.)— Successful  photographs  of 
these  phenomena  of  very  slight  contrast  were  obtained  by  careful  considera- 
tion of  the  conditions  to  give  even  illumination  and  intensification  of  photo- 
graphic contrast.  A  camera  lens  of  very  large  relative  aperture  was  used 
(diam.  1  in.,  focal  length  2  in.),  with  exposures  varying  from  8  to  20  mins. 
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Equally  good  results  were  obtained  with  orthochromatic  and  ordinary  plates, 
and  it  was  found  best  to  develop  with  hydroquinone  and  bromide,  kept  cool, 
arranged  for  prolonged  development.  Evenness  of  illumination  was  got  by 
using  a  special  formiof  panoramic  camera,  with  a  focal  diaphragm  17  mm. 
wide,  the  lens  rotating  at  the  rate  of  2°  per  min.  The  instrument  was  pro- 
vided with  8  exactly  similar  lenses  rotated  by  the  same  clock,  so  that  three 
negatives  were  produced  for  each  exposure.  For  producing  positives  these 
negatives  were  put  together  and  the  copy  taken  through  the  combined 
pictures,  thus  increasing  the  contrast  values  given  by  a  single  film. 

.  In  the  discussion  of  the  paper  the  question  was  raised  whether  it  might 
not  be  better  to  make  a  series  of  positives  from  each  negative,  and  superpose 
these  for  the  increase  of  contrast  instead  of  the  negatives.  Also  the  import- 
ance in  such  work  of  attending  to  the  perfect  cleanliness  of  the  lens  surfaces, 
elimination  of  lens  or  camera  glare,  danger  of  diffraction  with  small  apertures, 
etc.  C.  P.  B. 

426.  Michelson  Inierferomeler.  Q.  Krause.  (Ann.  d.  Physik,  48.  8. 
pp.  1087-1060,  Feb.  1,  1916.  Abstract  of  Dissertation,  Breslau.)— Gives 
mathematical  theory,  with  experimental  verification,  of  the  interference 
phenomena  obtained  when  the  compensating  plate  in  a  Michelson  inter- 
ferometer is  inclined  to  the  reflection  plate.    [See  also  Abs.  1690  (1911).] 

A.W. 

426.  Illumination  of  Field  of  Photographic  Objective.  H.  C.  Lord.  (Roy. 
Astron.  Soc,  M.N.  76.  pp.  197-204,  Jan.,  1916.)— Omitting  any  allowance  for 
losses  by  reflection  or  absorption,  a  geometrical  method  is  developed  for 
computing  the  intensity  of  the  illumination  at  any  point  of  the  field  of  a 
photographic  objective.  C  P.  B. 

427.  Tyndall  Effect  and  Size  of  Colloidal  Particles,    W,  Mecklenburg. 
(Kolloid  Zeits.  16.  pp.  97-108,  April,  1916.)— The  Tyndall  meter  of  the  author 
(Ibid.  14.  pp.  172-181, 1914)  is  a  photometer  which  compares  the  intensity  of 
the  Tjmdall   beam   in  a  direction  normal  to  the  beam,  with  the  intensity 
of  the  incident  light  by  reflecting  a  portion  of  the  latter  and  weakening 
it  with  the  aid  of  Nicol  prisms.  The  intensity  J  of  the  Tyndall  beam  decreases, 
of  course,  with  the  length  of  path  through  the  colloidal  medium.    The  new 
experiments  concern  colloidal  sulphur  prepared  after  S.  Oden,  who  himself 
measured  the  size  of  the  particles,  from  5  up  to  840  ^/i.    The  first  four  groups 
(diameters  5, 10,  20,  80  /a/i)  could  not  be  measured  with  the  ultra  microscope, 
and  were  estimated  by  the  author  from  their  diffusion  and  osmotic  pressure 
phenomena.     All  the  solutions  were  fairly  homogeneous  as  to  size  of  par- 
ticles.   If  n  be  the  number  of  particles  per  unit  volume,  v  the  volume  of  a 
particle,  s  the  density,  c  =  nvs,  and  J  the  intensity,  then  kcvl^  =  JX*  according 
to  Rayleigh,  or  =  JX»  according  to  Clausius.    The  Tyndall  effect  is  found  to 
be  proportional  to  the  concentration  of  the  solution  (if  homogeneous  as  to 
size  of  particles).    When  the  diam.  of  the  particles  is  less  than  100  ^/«  (mea- 
surements of  42/1^  and  98/4/x),  the  X*  law  holds;  for  particles  from  260  to 
840/*^  (measurements  at  246  and  842),  the  X'  law  holds;  for  the  186-/i^ 
particles  neither  law  applies,  and  the  author  suggests  a  gradual  transition 
from  the  one  type  to  the  other  with  increasing  size  of  particles.  H.  B. 

428.  Opacity  of  Diffusing  Media,  O.  Bloch  and  F.  F.  Renwick. 
(Phot  J.  66.  pp.  49-66,  Feb.,  1916.)— The  object  of  the  investigation  is  to 
determine  whether,  as  Hurter  and  Drifl&eld  had  suggested,  there  is  any  direct 
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connection  between  the  optical  opacity  of  a  dry  plate  and  its  properties  as  a 
light-recofding  medium.  The  previous  work  on  the  subject  is  briefly  con- 
sidered. Any  satisfactory  method  of  measurement  must  be  one  which  would 
either  separately  measure,  or  eliminate  altogetheri  both  "  surface  reflection  " 
and  "  scatter  "  losses,  and  accordingly  in  the  first  instance  the  method  used 
by  Callier,  and  by  most  other  workers  since,  of  placing  the  film  of  the  dry 
plate  in  contact  with  opal  glass  during  measurement  is  adopted.  A  simple 
form  of  bench  photometer  is  evolved  from  Ferguson's  bench  photometer, 
but  having  the  great  advantage  of  using  only  one  source  of  light,  which  is 
kept  stationary  all  the  time,  matching  being  effected  by  using  a  pzdr  of 
mirrors,  set  at  90^  along  the  photometer  bar.  At  first  sight  no  simple 
relationship  appears  to  exist  between  the  density  and  the  weight  of  material 
per  unit  area,  but  on  plotting  the  logarithms  of  these  quantities  against  one 
another,  it  is  found  that  the  relationship  is  expressed  by  a  simple  straight 
line.  Abney's  suggestion  that  the  effect  is  due  to  selective  light  absorption 
by  the  emulsion  did  not  seem  tenable  when  viewed  in  the  light  of  results  with 
white  emulsions  of  bismuth  oxychloride  and  silver  chloride,  and  there  appear 
to  be  only  two  alternative  explanations  :  either  the  departure  from  the 
simple  law  of  proportionality  is  due  to  the  method  of  measurement  being 
wrong,  or  the  density  is  indeed  not  proportional  to  the  quantity  of  material 
present  per  unit  area.  Passages  which  bear  more  particularly  on  the  special 
problem  of  opacity  or  density  measurement  are  quoted  from  a  series  of 
"  Reports  on  Diffusing  Media"  [Abs.  1401  (1916)].  The  present  experiments 
show  that  whenever  piles  of  solid  opal  glasses  of  similar  size,  form,  and 
quality  are  measured  with  the  utmost  care  under  the  most  varied  conditions 
which  seem  at  all  permissible,  results  agreeing  very  accurately  indeed  with 
the  general  expression  log  D  =  a  log  T  +  6  are  invariably  obtained,  but  that 
the  factor  "  a  "  varies  widely  with  the  conditions  of  measurement  and  also 
with  the  quality  of  the  sheet  they  were  cut  from,  the  values  ranging  from 
as  low  as  0*6  to  a  trifle  over  1.  An  examination  of  the  results  in  relation  to 
the  conditions  leads  to  the  conclusion  that  the  specific  density  of  solid  opal 
glass  is  independent  of  thickness.  The  results  obtained  with  emulsions  on 
glass  all  go  to  show  that,  when  measured  visually  by  minus-red  light,  the 
apparent  density  of  a  silver  bromide  emulsion  ranges  from  0*22  to  0*28 
per  mgm.  of  AgBr  per  cm.',  and  increases  by  from  50  to  60  %  each  time  the 
thickness  of  coating  is  doubled.  The  results  obtained  by  the  exposure  of 
a  rapid-plate  emulsion  behind  a  wedge  of  the  same  emulsion  for  75  sees, 
at  250  cm.  to  a  16-c.p.  metal  filament  lamp  whose  light  was  filtered  through 
a  12i-mm.  layer  of  ammoniacal  copper  sulphate  transmitting  X3800-4600 
support  the  view  that  the  value  of  the  power  depends  both  on  the  reflection 
coefficient  of  the  medium  and  the  conditions  of  measurement,  and  not  upon 
selective  absorption  as  Abney  supposed. 

The  relation  between  readings  of  different  kinds  of  photometers  is  dis- 
cussed. The  problem  how  to  measure  the  true  density  of  an  emulsion 
remains  only  half  solved  ;  the  results  obtained  not  only  draw  attention  to  the 
experimental  difficulties,  but  indicate  that  the  conditions  under  which  such 
measurements  should  be  made  are  not  yet  fully  understood.  The  rule, 
which  has  been  found  to  hold  good  under  all  sorts  of  circumstances,  serves 
as  a  useful  criterion  of  the  suitability  of  any  conditions  employed.      A.  £.  G. 

429.  Stereoscopic  Apparatus  for  examining  Radiographs  so  as  to  obtain  eithet 
Normal  or  Pseudoscopic  Relief.    E.  Colardeau  and  J.  Richard.    (Comptes 
Rendus,  162.  pp.  265-268,  Feb.  14, 1916.)— When  a  stereoscopic  view  intended 
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for  examioation  with  the  right  eye  is  looked  at  with  the  left,  and  that  for  the 
left  with  the  right,  an  inverse  relief  effect  is  obtained  which  is  known  as 
pseudoscopic.  The  front  plane  appears  as  if  behind,  and  vice  versa.  Stereo- 
scopic radiographs  made  by  the  usual  method  of  displacement  of  the  bulb 
produce  this  pseudoscopic  relief  very  clearly.  A  case  in  which  a  piece  of 
shell  is  embedded  between  the  skin  of  the  back  and  the  vertebral  column  is 
cited  as  an  example  where  this  may  be  useful.  A  stereoscope  with  double 
eyepieces  is  devised,  the  eyepieces  being  instantly  interchangeable,  so  that 
the  observer  can  pass  at  once  from  the  normal  to  the  pseudoscopic  relief. 
The  eyepieces  used  for  obtaining  the  normal  relief  are  of  the  ordinary  type, 
consisting  of  two  converging  lenses.  For  the  production  of  the  pseudo- 
scopic view  an  optical  system  composed  of  two  special  prisms,  which  are 
described,  is  placed  in  front  of  each  eyepiece.  A.  E.  Q. 

430.  Absolute  Electro-optic  Retardation  and  Acceleration  in  Electric  Double 
Refraction,  F.  HImstedt.  (Heidelberg  Akad.  d.  Wiss.,  Sitzungsber.  8, 1915. 
Ann.  d.  Physik,  48.  8.  pp.  1061-1088,  Feb.  1,  I916.)—Light  from  a  80  to 
40-amp.  arc  lamp  with  horizontal  positive  carbon  is  polarised  and  then  gives 
a  spectrum  from  which  a  particular  wave-length  is  taken  and  divided  into 
two  parallel  beams.  These  pass  through  a  Kerr  cell,  one  between  the 
charged  electric  plates  and  one  outside.  They  then  give  interference  bands 
in  the  upper  and  lower  parts  of  the  same  field  of  view.  As  the  plates 
are  charged  one  set  of  bands  moves  with  respect  to  the  other,  and  the 
acceleration  or  retardation  is  found  accordingly. 

With  CSt  it  was  found  that  the  light  polarised  at  right  angles  to  the 
electric  field  experiences  a  retardation,  the  light  polarised  parallel  to  the 
field  an  acceleration.  The  ratio  of  the  two  effects  is  4:1.  Chlorbenzol 
gives  the  same  results. 

An  oil  (castor  oil)  with  a  negative  Kerr  coefficient  was  then  tried.  It 
gave  results  like  CS9  but  interchanged  with  the  contrary  sign,  the  ratio  being 
-1/4.  E.  H.  B. 

431.  Anomalous  Dispersion  of  Rotatory  Power  and  Circular  Dichroism,  Q. 
Bruhat.  (Ann.  de  Physique,  8.  pp.  262-282,  March-April,  and  pp.  417- 
489,  May-June,  1915.) — The  paper  is  divided  into  three  parts.  Having 
reviewed  the  history  of  anomalous  rotatory  power  (Biot)  and  of  circular 
dichroism  accompanying  selective  absorption  (Cotton,  1896),  the  author 
describes  experiments  of  his  own  made  with  a  spectropolarimeter  com- 
prising a  Glazebrook  polariser  and  an  Ahrens-Lippich  analyser,  on  hydro- 
gen and  potassium  nickel  tartrates,  uranyl  tartrate,  some  organic  copper 
and  calcium  salts,  and  diphenylbornylimidoxanthide,  either  dissolved  in 
toluene  or  superfused.  Some  of  these  substances  are  well  defined  chemi- 
cally and  well  crystallised,  whilst  the  effects  had  formerly  been  observed 
under  less  favourable  conditions.  It  would  appear  that  circular  dichroism 
and  anomalous  dispersion  are  general  properties  of  active  isotropic  media 
possessing  selective  absorption  in  the  visible  spectrum. 

In  the  second  part  the  author  shows  that  the  electromagnetic  theory  of 
Drude  of  the  propagation  of  light  in  active  absorbent  media  covers  these 
anomalies  (which  was  denied  by  Ritz)  and  also  the  relation  of  Natanson  that 
on  the  red  side  of  an  absorption  band  the  less-absorbed  light  is  propagated 
at  a  quicker  rate  and  the  anomaly  of  the  refractive  dispersion  is  positive,  the 
opposite  holding  for  the  violet  side.  The  author  confirms  this  rule  and  deduces 
further  quantitative  relations  from  an  examination  of  the  observations  by 
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himself  and  others.  He  extends  the  consideration  to  cases  in  which 
there  is  more  than  one  class  of  electrons  which  would  give  rise  to  one 
absorption  band  only.  The  relations  hold  for  simple  and  complex  salt 
solutions,  for  organic  compounds  not  containing  metals,  and  for  the  diphenyl 
compound  mentioned,  dissolved  or  superfused,  and  some  of  its  deriva- 
tives. In  the  case  of  tartaric  acid  itself,  however,  the  anomalous  disper- 
sion is  not  accompanied  by  dichroism,  and  must  hence  be  explained  on 
chemical  grounds  by  the  assumption  that  the  solution  contains  two  active 
compounds  in  equilibrium  in  proportions  which  vary  with  the  solvent,  tem- 
perature, and  concentration.  But  since  the  phenomena  are  the  same  for 
solutions  and  for  the  pure  superfused  acid,  and  since  a  rise  of  temperature 
has  the  same  influence  as  dilution,  the  author  concludes  that  the  two  sub- 
stances are  tartaric  acid  and  a  polymer,  the  latter  being  present  in  small 
proportion  but  possessing  high  rotatory  power.  H.  B. 

432.  Magnetic  Rotation  of  the  Plane  of  Polarisation  in  Titanium  Tetra- 
chloride, II.  L.  H.  Siertsema.  (K.  Akad.  Amsterdam,  Proc.  18.  6. 
pp.  925-982,  1916.)— In  continuation  of  the  work  previously  published 
[Abs.  1252  (1915)],  it  is  now  shown  mathematically  that  the  dispersion 
of  the  magnetic  rotation  of  titanium  tetrachloride  is  explainable  by  the 
theory  of  Lorentz  ("Theorie  der  magncto-optische  Phiinomene,"  Encykl. 
der  math.  Wiss.,  vol.  8,  p.  199).  T.  H.  P. 

433.  Arc  Spectra  of  the  Platinum  Metals  in  the  Extreme  Ultra-violet,  Q, 
Kail.  (Akad.  Wiss.  Wien,  Ber.  128.  June,  1914.  Chem.  Zentralblatt, 
I.  pp.  802-808,  1915.)— The  total  number  of  lines  measured  is  1071,  and 
690  of  these  were  new.  With  the  aid  of  known  lines  a  dispersion  curve 
was  plotted  for  the  quartz  spectrograph  employed.  The  shortest  wave- 
lengths determined  for  the  respective  metals  are :  Rh,  1880*00  A. ;  Ru, 
1874-94 ;  Pt,  186646 ;  Pd,  1858*51 ;  Ir,  1852-21.  H.  B. 

434.  Arc  Spectra  in  the  Red  and  Infra-red  in  International  Standards, 
J.  M.  Eder.  (Akad.  Wiss.  Wien,  Ber.  128.  Dec,  1914.  Chem.  Zentral- 
blatt, I.  p.  1046,  1915.)— The  investigation  concerns  the  elements  Li,  Na, 
K,  Cs,  Rb,  Ca,  Sc,  Ba,  Zr,  La,  Ce,  and  the  range  X6400  to  8500  A.  Many  so 
far  unknown  lines  and  satellites  are  measured  in  the  visible  red,  and  the  infra- 
red is  joined  without  gap.  Photographs  were  taken  with  Schleussner  plates 
sensitised  with  dicyanin,  the  light  being  concentrated  into  a  band  on  the  slit 
by  means  of  two  crossed  cylindrical  lenses  (rock  crystal);  the  exposures 
could  then  be  reduced  to  from  8  to  20  minutes.  H.  B. 

436.  Arc  Spectrum  of  Gold  in  International  Standards,  M[arie] 
Quincke.  (Zeits.  wiss.  Phot.  14.  pp.  249-261,  March,  1915.)— The  work 
was  done  under  Kayser  with  a  Rowland  grating,  but  the  apparatus  were 
mounted  after  Abney.  The  tables  give  the  author's  determinations  together 
with  those  of  Kayser  and  Runge,  Ezner  and  Haschek,  and  Duffield.  The 
agreement  is  not  always  perfect ;  some  lines  are  new,  some  probably  due  to 
impurities,  as  to  which  reference  is  made  to  Holtz,  Hasbach  and  Buchholz. 
The  range  is  6698  to  2852  A.,  measurements  being  made  to  0001  A.,  and  the 
intensities  estimated  after  Kayser  and  Runge.  There  are  not  any  distinct 
series.  H.  B. 

436.  Arc  Spectrum  of  Manganese  in  International  Standards,    H.  Fuchs. 
Zeits.  wiss.  Phot.  14.  pp.  289-248,  Feb.,  and  pp.  268-280,  March,  1915.)— The 
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International  Congress  for  Solar  Research  in  1910  resolved  to  base  inter-* 
national  line  standards  on  the  red  line  of  Cd,  and  the  determinations  were  made 
by  Fabry  and  Buisson,  Eversheim,  and  Pfund.  The  author  experimented 
under  Kayser  with  grains  of  manganese  (from  Merck),  fused  in  the  hollow 
positive  carbon  electrode  of  a  lM)0-volt  arc  at  6  to  8  amps,  with  horizontal  or 
vertical  electrodes,  taking  the  spectrum  with  a  concave  Rowland  grating 
(6*84  m.  radius,  20,000  lines  to  the  inch)  and  photographing  with  Schleussner 
and  orthochromatic  plates;  the  general  arrangements  and  measurements 
after  Kayser.  The  paper  is  mainly  tabular,  and  the  many  pages  of  tables 
concern  the  range  7069*855  to  2289*98  A.  ;  the  long  waves  required  exposures 
of  1^  hours.  The  tables  also  give  the  values  of  Exner  and  Haschek,  Kilby 
(from  whom  the  author  frequently  differs),  Burns,  and  Hainm.  H.  B« 

437.  Influence  of  Electric  Field  on  Hydrogen  Lines.  J.  Stark.  (Gesell. 
Wiss.,  Gottingen,  Nachr.  pp.  427-444,  1914.  Chem.  Zentralblatt,  I.  p.  592, 
1915.) — In  conjunction  with  Wendt  and  Kirschbaum  [Abs.  75  (1914)]  the 
author  had  formerly  made  use  of  fields  of  80,000  volts/cm.  In  order  to  ensure 
greater  sharpness  of  the  lines,  he  has  raised  his  field  intensity  to  104,000 
volts/cm.,  and  has  thereby  obtained  both  further  separation  and  increased 
intensity  of  the  hydrogen  lines.  The  inhomogeneity  of  the  field  in  the  canal- 
ray  tube,  moreover,  makes  the  lines  curved  and  admits  of  distinguishing  the 
components  from  foreign  lines.  As  the  intensity  range  of  the  lines  is  much 
greater  than  in  the  Zeeman-efifect,  the  strongest  and  weakest  lines  were  not 
photographed  on  the  same  plate,  but  on  separate  plates.  The  distances 
between  the  lines  H^,  H^,  H^,  H^  are  in  each  case  proportional  to  the 
strength  of  the  field,  and  several  electrons  are  always  concerned  in  the 
emission  of  a  series  line.  H.  B. 

438.  Fluorescence  of  Sulphur,  Selenium  and  Tellurium  Vapours.  D. 
Diestelmeier.  (Zeits.  wiss.  Phot.  15.  1  and  2,  pp.  18-55,  June  and  July, 
1915.)— Since  all  fluorescent  substances  show  selective  absorption,  either  in 
the  series  lines  or  in  the  absorption  bands  (for  which  reasons  two  classes  may 
be  distinguished),  the  author  tried  to  prove  that  S,  Se,  Te,  displaying  selective 
absorption,  should  be  fluorescent.  The  experiments  were  made  in  glass  or 
quartz  vessels,  heated  (up  to  750°)  by  burner  or  in  an  electric  furnace,  and 
joined  to  a  pump.  The  exciting  illumination  was  by  means  of  sunlight, 
carbon  arc  lamps,  salt  vapours  (salts  in  hollow  carbon  electrodes),  and  arcs  of 
the  metals  U,  V,  Ti,  Mo,  etc.  The  substances  were  commercially  pure.  The 
sulphur  at  first  did  not  show  a  trace  of  fluorescence  ;  it  was  purified  by  being 
submitted  to  repeated  sublicnations  in  a  glass  tube  provided  with  many 
strictures  and  by  other  means  ;  the  vapour  then  fluoresced  in  quartz  vessels 
when  the  pressure  was  sufficiently  reduced.  Selenium  and  tellurium 
fluoresce  more  readily.  The  conclusion  is  that  vapours  of  S,  Se,  and  Te  only 
fluoresced  in  the  superheated  condition  at  low  density ;  the  carriers  of  the 
fluorescence  are  the  diatomic  molecules  which  are  very  sensitive  to  im- 
purities ;  excitation  by  sparks  was  successful  only  in  the  case  of  sulphur.  As 
the  atomic  weight  of  the  substance  increases,  the  activity  of  the  exciting 
illumination  shifts  from  the  ultra-violet  over-the  red  end,  and  the  fluorescence 
changes  in  appearance  with  the  nature  of  the  excitation.  The  fluorescence 
is  bluish,  shading  into  white  or  violet ;  tellurium  vapour  turns,  from  faint 
blue,  more  greenish  blue  and  lighter  at  higher  temperatures.  Density, 
temperature,  and  pressure  afiFect  the  spectra.  The  fluorescence  (emission) 
spectrum  of  sulphur  joins  its  absorption  spectrum ;  in  the  two  otherj^ases  the 
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two  spectra  of  the  same  element  overlap,  and  certain  bands  are  common  to 
them;  but  the  apparatus  was  not  sufficiently  delicate  for  exact  measure- 
ments of  the  complex  spectra.  A  shading  of  the  lines  or  bands  towards  the 
red  was  mostly  noticed.  The  similar  experiments  of  Steubing  date  from  the 
same  year  (1918).  H.  B. 

439.  Relations  between  the  K  and  L  Series  of  High-frequency  Spectra.  M. 
Siegbahn.  (Nature,  96.  p.  676,  Feb.  17, 1916.)— The  results  are  given  of  an 
investigation,  by  E.  Friman  and  the  author,  on  the  spectra  of  the  L  series. 
It  is  shown  that  there  is  in  reality  an  additional  line  near  La,  with  a  slightly 
greater  wave-length.  The  tabulated  observations  of  wave-lengths  are  in 
good  agreement  with  those  of  Moseley,  and  with  the  values  calculated  from 
Maimer's  modification  of  KosseFs  relation.  According  to  Maimer  the  K 
series  consists  of  four  lines  [see  Abs.  1686  (1916)],  called  ai,  ai,  j3i,  and  jSi, 
and  that  Kossel's  relation  must  take  the  form  vl^=:j/,{^^  —  vKoa.  This 
relation  is  verified  experimentally.  A.  B.  W. 

440.  High-frequency  Spectra  of  the  Elements  Gold-Uranium,  M.  Siegbahn 
and  E.  Friman.  (Phys.  Zeits.  17.  pp.  17-18,  Jan.  16, 1916.  Phil.  Mag.  81. 
pp.  408-406,  April,  1916.)— Moseley  has  shown  [see  Abs.  1249  (1914)]  by  the 
X-ray  method  of  determination  of  tiie  atomic  numbers  of  the  elements,  that 
between  AI  and  Au  there  are  only  three  elements  as  yet  unknown.  In  the 
present  investigation  the  range  of  elements  from  gold  to  uranium  has  been 
examined.    The  main  results  are  included  in  the  following  table  : — 


Atomic 
Number. 

N. 

Wave-length. 
X,,  X  lOP  cm. 

Vv  X  lOH. 

Element. 

^^  =  yl^. 

N-Ql=6. 

Au 

79 

1-280 

0-884 

71-6 

7-4 

Hg 

80 

1-248 

0-897 

72-7 

7-8 

Tl 

81 

1-209 

0-909 

78-7 

7-8 

Pb 

82 

1179 

0-921 

74-6 

7-4 

Bi 

88 

1167 

0-980 

76-8 

7-7 

Th 

90 

0971 

1016 

82-2 

7-8 

Ur 

92 

0-919 

1-048 

84-6 

7-6 

The  mean  value  of  b  (where  6  =  N  —  [v/(6vo/86)]v> ;  i.e.  Mosele/s  relation) 
from  these  observations  is  74.  Between  Bi  and  Th  there  exist  6  unknown 
elements,  and  between  Th  and  Ur  one  element.  A.  B.  W. 


441.  Energy  Measurement  of  Ionising  Radiation— in  particular  X-radiation. 
T.  Christen.  (Phys.  Zeits.  17.  pp.  28-26,  Jan.  16, 1916.)— The  importance  is 
demonstrated  of  not  overlooking  the  eflFect  of  the  absorption  coefficient  of 
air  in  measurements  of  this  character.  In  making  measurements  on  the  pro- 
duction and  intensity  of  X-rays  of  varying  grades  of  hardness,  experimenters 
are  rather  apt  to  overlook  certain  principles,  and  as  a  consequence  are  led  to 
wrong  conclusions.  The  cases  of  Xradiation  absorbed  in  air  and  in  water 
are  discussed.  There  seems  to  be  some  doubt  as  to  whether  or  not  the  ratio 
between  the  radiant  energy  absorbed  by  the  air  and  the  ionisation,  is  constant, 
i,e,  is  independent  of  the  hardness  of  the  radiation.  A.  B.  W. 
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442.  Ejfect  of  Magnetisaiion  on  Opacity  of  Iron  to  Rontgen  Rays,  A.  H. 
Forman.  (Phys.  Rev.  7.  pp.  119-124,  Jan.,  1916.)— Negative  results  were 
obtained  from  an  investigation  of  the  effect  of  magnetising  the  iron  in  a  plane 
perpendicular  to  the  path  of  the  Rontgen  rays.  A  change  of  one  part  in 
10,000  could  be  detected  [see  Abs.  1687  (1914)].  The  present  paper 
describes  work  with  the  iron  magnetised  in  a  direction  paralled  to  the  path 
of  the  Rontgen  rays.  The  apparatus  was  similar  to  that  used  in  the  earlier 
experiments,  and  with  the  same  piece  of  iron  an  increase  of  opacity  was 
found  when  it  was  magnetised  parallel  to  the  Rontgen  rays  (perpendicular  to 
the  kathode  stroam  of  the  X-ray  tube).  The  effect  seems  to  be  about  5  parts 
in  8000  for  a  field  of  8500  gauss.  Since  soft  iron  is  saturated  at  an  induction 
of  about  15,000  the  iron  molecules  are  only  slightly  oriented  in  a  field  of  8500 
gauss,  and  a  greater  effect  may  be  expected  with  a  field  of  15,000  gauss  or 
over.  The  experiments  indicate  that  the  iron  is  less  transparent  to  the  more 
penetrating  Rontgen  rays  when  it  is  magnetised  in  a  direction  parallel  to  the 
path  of  the  Rontgen  rays.  Assuming  that  the  Rontgen  ray  is  due  to  a  dis- 
turbance created  by  an  electron  whose  motion  is  in  the  direction  of  the 
kathode  stream  of  the  X-ray  tube,  it  is  to  be  expected  that  the  absorption  of 
energy  from  the  Rontgen  rays  will  be  by  those  parts  of  the  molecule  free  to 
vibrate  in  the  same  plane ;  and  unless  the  molecule  is  symmetrical  about  all 
its  axes  there  is  a  plane  through  it  where  the  absorption  is  a  maximum. 
Magnetising  the  iron  will  tend  to  align  the  molecules  so  that  they  will  have 
their  planes  of  max.  absorption  parallel  to  one  another.  If  the  planes  of 
max.  absorption  are  parallel  to  the  kathode  stream  of  the  X-ray  tube  then  the 
iron  will  seem  more  opaque.  The  results  obtained  indicate  that  the  plane  of 
max.  absorption  of  the  iron  molecule  is  parallel  to  that  of  the  electronic  orbits 
which  make  up  the  elementary  magnet  The  author  considers  that  the 
failure  of  the  Rontgen  ray  to  ionise  all  the  molecules  of  a  gas  through  which 
it  passes  may  be  explained  as  due  to  the  molecule  having  only  one  plane  in 
which  it  can  absorb  sufficient  energy  from  the  Rontgen  ray  for  ionisation. 

M.S. 

443.  X-ray  Photographs  showing  "Depth"  B.  Alexander.  (Phys. 
Zeits.  17.  pp.  15-16,  Jan.  1, 1916.)— In  a  previous  paper  [Abs.  1270  (1915)]  the 
author  described  in  detail  the  method  of  procedure  for  obtaining  X-ray 
photographs  of  this  character.  To  illustrate  the  principal  points  to  be 
observed  a  series  of  photographs  were  shown  of  a  fine  metal  gauze  photo- 
graphed under  different  conditions.  The  present  paper  describes  further 
experiments  on  the  same  lines,  an  excellent  "  perspective  "  photograph  of  a 
folded  wire  gauze  being  reproduced  in  illustration.  A.  B.  W. 

444.  Physical  Measurement  of  X-rays,  H.  L.  Bronson.  (Nova  Scotian 
Inst,  of  Sci.,  Proc.  and  Trans.  14.  pp.  17-29,  Oct  14,  1915.)— It  has  been 
shown  that  the  action  of  Rontgen  rays  on  a  photographic  plate  and  on  a 
Sabouraud  pastille  is  proportional  to  the  ionisation  produced  in  the  air 
immediately  surrounding  them.  Making  use  of  this  principle,  a  simple 
apparatus  has  been  devised  for  measuring  the  intensity  and  hardness  of  the 
rays.  The  same  apparatus  can  readily  be  used  to  determine  the  length  of 
time  of  exposure  needed  to  produce  radiographs  of  suitable  density. 

A.B.  W. 
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445.  Chemical  Identity  of  Radium-D  and  Lead,  Q.  v.  Hevesy  and 
F.  Paneth.  (Deutsch.  Chem.  Gesell.,  Ber.  47.  pp.  2784-2786,  Oct.  24, 1914.) 
— Having  an  unusually  large  quantity  of  emanation  (1  Curie  from  1  gm.  of 
Ra)  at  their  disposal,  the  authors  succeeded  in  obtaining  visible  deposits  of 
RaD  and  of  its  peroxide,  and  in  submitting  these  to  potential  tests.  The 
emanation  was  allowed  to  decay  for  several  weeks  in  a  quartz  bulb,  which 
was  then  washed  with  nitric  acid,  and  the  solution  electrolysed  ;  under  dif- 
ferent conditions  about  0005  mgm.  of  RaD  or  of  RaDOt  were  obtained,  and 
found  pure  by  radio-activity  tests.  The  nitrate  solution  RaD(NOs)t  was 
then  coupled  in  cells  with  RaD(Ot)  or  with  PbOf ;  the  e.m.f.'s  observed  were 
identical,  also  after  adding  lead  ions  to  the  solutions.  The  authors  hence 
assume  that  the — so  far  inseparable — isotopes  RaD  and  Pb  are  not  only 
similar  but  chemically  identical,  and  that,  in  accordance  with  Rutherford 
and  others,  equality  of  the  number  of  nucleus  charges  only— not  of  all  the 
properties  depending  upon  the  surrounding  rings  of  electrons — is  required  to 
make  two  chemical  atoms  appear  as  identically  one  and  the  same  element. 
[See  also  Abs.  678  (1914).]  H.  B. 

446.  Atomic  Weight  of  *'  Uranium-Lead:*  O.  Hdnigschmid  and  S. 
Horovitz.  (Monatsh.  d.  Chemie,  86.  pp.  855-880,  May,  1915.)— Lead  ores 
may  be  supposed  to  contain  Pb,  AcE  (generally  accompanying  U,  from  UY, 
atomic  weight  probably  210),  and  RaG  or  uranium  lead  (from  RaF  or 
polonium  by  loss  of  one  a-ray).  The  minerals  examined  are :  (1)  purest 
pitchblende  from  Joachimsthal ;  20  kg.  of  this  yielded  a  lead  apparently 
of  atomic  weight  206*405,  probably  a  mixture  of  RaG,  AcE,  and  ordinary 
lead ;  (2)  a  crystallised  uranium  ore  from  Morogoro  (German  East  Africa, 
primary  geological  formation),  studied  by  Marckwald,  gave  a  lead  of 
atomic  weight  206*046,  and  was  probably  pure  RaG,  the  last  decay  product 
of  uranium;  (8)  broggerit  from  Moos,  Norway  (also  very  old  formation), 
free  from  heavy  metals,  containing  79  %  UjOe,  4*5  ThOf,  9*5  PbO,  yielded  a 
lead  of  atomic  weight  206068,  like  (2),  therefore  pure  RaG.  In  addition  a 
determination  (4)  was  made  of  the  atomic  weight  of  common  lead  yielding 
207 18  in  agreement  with  T.  W.  Richards  and  Lembert,  and  with  Baxter, 
Wilson,  and  Grover.  Quartz  vessels  were  used  for  distillations.  The  arc 
and  spark  spectra  of  (2)  and  (4)  (reproduced  in  the  paper)  proved  identical. 

The  conclusion  is  that  RaG  is  really  an  isotope  of  lead.  H.  B. 

447.  Branching  of  the  Thorium  Series.  S.  Loria.  (Phys.  Zeits.  16. 
pp.  6-9,  Jan.  1, 1916.) — This  paper  commences  with  a  brief  outline  of  the 
various  suggestions  proposed  for  the  scheme  of  disintegration  of  the  thorium 
series — with  special  consideration  of  the  point  at  which  the  "branch" 
occurs  in  this  rather  complex  scheme.  The  work  of  Marsden  and  Barratt 
[see  Abs.  686  (1912)],  Marsden  and  Darwin  [Abs.  1714  (1912)],  Meitner 
[Abs.  1716  (1912)],  and  of  Barratt  and  Wood  [Abs.  188  (1915)].  is  reviewed. 
The  scheme  proposed  by  Barratt  and  Wood  was  suggested  as  a  result  of  their 
experiments  on  the  volatilisation  of  thorium  active  deposit.  These  experi- 
ments have  been  repeated  by  the  author  and  the  observations  confirmed. 
Similar  results  have  also  been  obtained  with  Ra  active  deposit.  The  inter- 
pretation of  results  given  by  Barratt  and  Wood  is  criticised  and  modifications 
based  on  the  isotope  theory,  are  suggested.  A.  B.  W. 
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448.  Distribution  of  Thorium  Active  Deposit  in  an  Electric  Field.  Q.  H. 
Henderson.  (Nova  Scotian  Inst,  of  Sci.,  Proc.  and  Trans.  14.  pp.  1-16, 
Oct.  14, 1916.)— The  paper  commences  with  a  brief  review  of  earlier  work 
on  this  and  similar  subjects.  The  work  of  Rutherford  [Abs.  1198  (1908)], 
Russ  [Abs.  1487  (1908)],  Kennedy,  Walmsley  [Abs.  101  (1914)],  and  others, 
is  discussed  and  criticised  from  an  experimental  standpoint. 

The  author  has  developed  a  new  type  of  vessel  for  this  kind  of  work. 
It  is  shown  that  in  dry  air  all  the  thorium  "rest-atoms"  are  positively 
charged  initially.  In  pure  ether- vapour  all  these  atoms  are  initially  uncharged, 
and  in  a  mixture  of  ether-vapour  and  air  the  charged  condition  of  the  rest- 
atoms  depends  on  the  relative  amounts  of  ether-vapour  and  air  present. 
A  similar  state  of  affairs  appears  to  be  true  with  water-vapour.  A.  B.  W. 

449.  Radio-activity  of  Minerals.  1.  Pyromorphite.  M.  Bamberger  and 
Q.  AVeissenberger.  (Monatsh.  d.  Chemie,  86.  pp.  169-174,  1915.)— An 
examination  by  radio-active  methods  of  the  Ra  and  Th  contents  of  pyro- 
morphite from  various  sources  showed  that  whereas  the  Ra  content  varied 
considerably  for  di£Ferent  specimens  (1'8  x  10"*  to  8  x  10-"  gm.  Ra  per  gm. 
of  mineral),  the  Th-content  was  more  constant  (1*2  x  10"*  to  1*8  x  10-*  gm. 
Th  per  gm.).  The  mineral  was  shown  to  be  homogeneous  as  regards  its 
Ra-content,  by  dissolving  the  superficial  layers  of  a  crystal,  and  comparing 
the  radium  contents  of  the  dissolved  and  undissolved  portions,  no  difiEerence 
being  detected.  It  is  shown  that  Danne's  view  that  a  surface  concentration 
of  Ra  on  the  mineral  had  occurred  from  percolating  water  containing  Ra  is 
not  tenable.  Pyromorphite  is  regarded  as  a  young  formation,  in  which  the 
Ra  deposited  at  the  time  of  formation  from  the  water  in  which  the  mineral 
was  formed  has  not  completely  decayed,  whereas  the  mesothorium  deposited 
at  the  same  time  has  completely  decayed,  leaving  only  the  minute  quantity 
of  Th  deposited  with  the  mineral.  This  accounts  for  the  great  variation 
in  the  Ra-content  and  the  comparative  constancy  of  the  Th-content 

A.  B.  W. 

450.  Radio-activity  of  the  Deposits  of  the  Eugenie  and  Ekaterine  Springs  in 
Borschom.  £.  Burkser.  (Russian  Physico-Chem.  Soc.,  }.  47.  pp.  21-25, 
1915.)— These  springs  form  reddish-brown  deposits  consisting  principally  of 
hydrated  ferric  carbonate,  together  with  4*7  %  and  84*1  %  respectively  of 
clay  insoluble  in  dilute  hydrochloric  acid.  In  both  cases  radium  and  thorium 
(or  mesothorium)  emanations  are  present,  the  proportions  found  being 
10*08  x  10-"  and  26*2  x  lO"*  gm.  respectively  per  gm.  for  the  deposit  of  the 
Eugenie  spring,  '.and  17*89  x  10""  and  8*26  x  10"^  gm.  respectively  for 
that  of  the  Ekaterine  spring.  The  water  of  the  former  spring  contains 
0-02  X  10-^  gm.  of  Ra  per  litre,  and  that  of  the  latter  0*07  x  \Qr^  gm. ; 
the  Th-contents  of  the  two  waters  are  almost  identical,  and  do  not  exceed 
7-02  X  10-*  gm.  per  Utre.  T.  H.  P. 

461.  Variation  of  Emanation  Content  of  Springs.  R.  R.  Ramsey. 
(Indiana  Acad.  Sci.,  Proc.  p.  489, 1914.)— An  examination  of  the  variation  of 
the  emanation  content  of  certain  springs,  shows  roughly  that  an  increase 
coincides  with  a  season  of  rain  and  a  decrease  with  dry  weather.      A.  B.  W. 
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452.  Testing  of  Thermometers  at  the  Reichsanstalt,  E.  Warburg.  (Ann. 
d.  Physik,  48.  8.  pp.  1084-1086,  Feb.  1, 1916.)— From  April  1,  1916,  onwards 
thermometers  and  pjrrometers  will  be  tested  at  the  Reichsanstalt  against  a 
standard  platinam  thermometer  scaled  according  to  the  law  R=Ro(l+<i/ — bf). 
For  temperatures  between  the  melting-point  of  Hg  and  the  boiling-point  of 
S,  the  fixed  points  of  calibration  are  (f  C,  100°  C,  and  the  boiling-point  of 
sulphur,  viz.  444-66^  +  0*0908  (^—  760)  —  0-000047  {p  —  760)».  For  tempera- 
tures below  the  melting-point  of  Hg  the  fixed  points  are  the  boiling-point  of 
CX)„  viz.— 78-6° -f- 001695  (^—760)  — 0-000011  (#  —  760)»,  and  of  oxygen, 
viz.  — 188-0°  -f-  0-01258  (^  —  760) — 00000079  (J>  —  760)».  Above  the  boiling- 
point  of  sulphur  the  fixed  points  are  the  melting-points  of  Sb  (680°), 
Au  (1068°),  and  Pd  (1557°).  The  scale  thus  established  agrees,  within  the 
limits  of  experimental  error,  with  the  radiation  scale  given  by — 

log,  H,/Hi  =  (c/X)[(278  4-  /i)-*-(278  -f  /,)-^ , 

where  H  is  the  brightness  of  a  black  body  at  temperature  /,  X  is  the  wave- 
length (/*),  and  c  =  14,800.  J.  W.  T.  W. 

468.  Interpolation  Formula  for  Resistance  Thermometry  at  Low  Tem- 
peratures, F.  Zemike.  (K.  Akad.  Amsterdam,  Proc.  18.  6.  pp.  914-025, 
1916.) — One  of  the  difficulties  of  accurate  low-temperature  thermometry  is 
the  fact  that  the  resistance  is  not  a  simple  function  of  the  temperature,  so 
that  linear  interpolation  is  impossible  even  in  small  intervals,  and  for  larger 
intervals  neither  quadratic  interpolation  nor  graphical  methods  are  of  much 
use  if  accuracy  to  0*02  deg.  is  required.  It  appears  that  for  high  temperatures 
the  resistance  is  proportional  to  T,  while  for  lower  temperatures  it  is  pro- 
portional to  T^  The  author  therefore  uses  an  expression  of  the  form 
W  —  w  =  100/(a^•»  +  6^-«  -f  d-»  -|-  </^-*),  in  which  /  =  0-OlT,  where  T  is  the 
temperature,  while  a,  6,  c,  </,  are  constants  ;  tr  is  a  constant  depending  on  the 
purity  of  the  metal.  The  third  approximation  to  the  values  of  the  constants 
was  made  by  the  method  of  least  squares,  the  final  values  obtained  for  Pt 
being  w  =  1-2487,  a  =  1-8849,  h  =  0-2895,  c  =  0'2865,  d  =  01806.  By  means 
of  this  formula  all  temperatures  below  200°  are  represented  to  within  the 
errors  of  observation  in  gas  thermometry,  viz.  0*02  deg.  The  constants 
obtained  for  Au  and  Hg  are  given  in  the  paper,  although  the  accuracy  of  the 
formula  in  these  cases  is  necessarily  less  owing  to  the  comparatively  small 
amount  of  data  available.  J.  W.  T.  W. 

464.  The  Inner  Cone  of  divided  Hydrocarbon  Flames.  N.  Bubnoff. 
(Zeits.  Phys.  Chem.  88.  pp.  641-669,  Nov.  10, 1914.)— Haber  and  later  HiUer 
(Ibid.  81.  p.  591)  had  shown  that  the  temperatures  of  calorimetric  calcula- 
tions were  higher  than  those  deduced  from  the  water-gas  constant.  These 
discrepancies  of  15(f  deg.  and  more  disappear  partly  when  Bjerrum's  correc* 
tions  for  the  specific  heats  of  Pier  are  accepted  ;  but  they  amount  to  500  deg. 
for  the  CO-oxyhydrogen  flame.  Many  of  the  experiments  had  t>een  in- 
fluenced by  the  assumption  that  the  reacting  gases  would  instantaneously  be 
quenched  and  the  reactions  be  stopped,  if  the  gases  were  withdrawn  from 
the  flames  through  cooled  silver  capillaries.  The  new  experiments  were  made 
vou  XIX.— A.— 1916.  ^  T 
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on  the  inner  cones  of  flames  of  benzene  or  ether  (commercially  pure)  and 
coal  gas.  By  adding  nitrogen  to  the  air,  the  flames  were  sometimes  cooled 
by  160  deg.  and  more,  and  the  dissociation  of  COi  was  thus  prevented.  The 
results  confirm  the  view  that  the  calorimetric  temperatures  are  too  high, 
probably  for  the  following  reason.  Especially  in  cool  flames  the  oxygen  is 
not  really  in  thermodynamical  equilibrium ;  owing  to  a  certain  sluggishness 
in  the  combustion,  the  oxygen  concentration  is  greater  than  it  should  be 
according  to  equilibrium  conditions  ;  and  the  true  temperature  of  the  flame 
must  be  lower  than  that  calculated  from  the  amount  of  oxygen  present.  The 
calorimetric  calculation  of  the  temperature  according  to  Bjerrum's  specific 
heats  gives,  moreover,  too  high  values  because  the  heat  losses,  arising  in 
flames  from  radiation  and  conduction,  do  not  enter.  The  arguments  do  not 
affect  the  deduction  of  temperatures  from  the  water-gas  constant,  though  it 
might  be  thought  that  the  components  of  the  water-gas  reaction  might  not 
be  in  equilibrium  in  the  flame  either ;  but  optical  and  thermoelectric  tests 
gave  the  same  values  for  gas  charges  differing  in  composition  ratios. 

Note  added  by  F.  Haber  (Ibid.  p.  670).— The  two  chief  results  of  the  re- 
search are  that  the  oxygen  is  not,  in  the  inner  cone,  in  equilibrium  with  the  COt 
and  CO  and  that  the  composition  of  the  mixture  of  ether  (or  benzene)  and  air  is 
not  the  same  at  the  base  and  at  the  apex.  The  relatively  denser  constituent 
becomes  concentrated  near  the  apex.  This  peculiar  feature  lias  further  been 
investigated  by  Haber  and  Y.  Kauko  by  preventing  all  penetration  of  alien 
gas  into  the  cone.  The  benzene  remained  concentrated  at  the  apex,  whilst 
the  hydrogen  (in  the  hydrogen-air  flame)  became  impoverished  at  the  apex. 
Thus  a  certain  de-mixing  takes  place  in  the  flame,  the  lighter  component 
collecting  at  the  side,  the  heavier  near  the  apex.  H.  B. 

455.  Combustion  in  the  Inner  Cone  of  the  Bunsen  Flame.  L.  Ubbelohde 
and  O.  Dommer.  (J.  fur  Gasbeleuchtung,  67.  pp.  767-766,  Aug.  1 ;  781-787, 
Aug.  8,  and  pp.  806-810,  Aug.  16, 1914.  Chem.  Zentralblatt,  II.  pp.  1879-1880, 
1914.)— In  all  gas-air  flames  investigated  the  dissociation-equilibrium  both  of 
COs  and  of  aqueous  vapour  is  not  found  established  immediately  above  the 
inner  cone  and  the  equilibrium  is  most  incomplete  in  CO-air  mixtures.  Using 
stoichiometric  mixtures  the  thermodynamic  temperature  and  the  thermo-couple 
temperatures  differ  by  600  deg.  in  the  CO-flame,  by  200  deg.  in  the  CHg 
flame,  by  180  deg.  with  acetylene,  and  by  about  70  deg.  with  hydrogen  and 
coal-gas  flames.  About  20  %  of  the  CO-oxygen  mixture  escapes  unburnt 
from  the  inner  cone,  and  begins  to  react  only  outside  that  cone,  the  reaction 
being  trimolecular  and  much  slower  than  on  the  surface  of  the  cone.  The 
equilibrium  is  very  much  more  quickly  established  when  the  air  is  rich  in 
oxygen  or  when  the  mixture  is  preheated,  because  the  velocity  of  ignition  is 
'  increased  ;  platinum  and  incandescence  burners  also  catalyse  the  combustion. 
The  measured  temperatures  (thermo-couples)  do  not  at  all  agree  with  Pier's 
calorific  and  specific  heat  values  in  the  case  of  CO-flames ;  in  the  case  of  the 
hydrogen  flame,  the  difference  is  only  4  %.  For  this  reason  probably  the 
hydrogen  flame  is,  against  expectation,  hotter  than  the  CO-flame,  and  mixtures 
of  coal-gas  and  hydrogen  give  hotter  flames  than  coalgas-CO  mixtures.  The 
addition  of  7  or  10  %  of  water-vapour  increases  the  velocity  of  ignition  of 
CO-flames  threefold  ;  with  1  %  of  water-vapour  the  temperature  of  ignition 
is  lowest.  Methane  is  incompletely  burned  in  the  inner  cone ;  some  methane 
is  probably  formed  in  the  first  combustion  of  acetylene  and  ether-flames  and 
escapes  as  such  from  the  cone.  The  aureole  can  in  CO-flames  be  observed 
at  temperatures  600  deg.  below  ignition  and  is  probably  due  to  an  after- 
combustion  in  the  intermediate  gas.  ^     H.  H. 
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466.  Flames.  A.  Reis.  (Zeits.  Phys.  Chem.  88.  pp.  613-698,  Oct.  18, 
1914.) — Genera]  considerations  on  flames  based  upon  the  assumption  of 
Haber  that  a  purely  thermal  definite  emission  and  absorption  of  light  and 
a  definite  velocity  of  reaction  are  characteristic  of  all  gases  of  definite  com- 
position and  temperature,  and  an  account  of  further  experiments  on  the 
introduction  of  simple,  inert  compounds  (ammonia,  cyanogen,  etc.)  with 
flames  of  pre-mixed  gases  (Bunsen  burners)  or  split  flames  (Tecln,  Smithells). 
The  investigation  concerns  in  particular  flames  of  ammonia-oxygen,  cyano- 
gen-oxygen and  cyanogen-air,  the  quantitative  reactions  in  the  inner  cones 
and  intermediate  gases  (between  the  two  cones)  and  the  spectra  of  the  sepa- 
rated zones ;  photographs  of  these  new  spectra  (Hilger  quartz  spectrograph) 
are  reproduced.  Ammonia-oxygen  mixtures  are  explosive  when  they  contain 
more  than  80  or  less  than  16  %  of  ammonia.  The  temperatures  in  the  inter- 
mediate zone  above  the  cone  are :  1  mm.  above,  1880^ ;  2  mm.  1670^;  10  mm. 
1400P ;  88  mm.,  1000° ;  08  mm.,  816^  The  decomposition  of  the  ammonia  in 
this  zone  is  not  thermal  in  nature,  and  the  velocity  of  the  reaction  decreases 
surprisingly  little  on  cooling ;  this  also  holds  for  the  intermediate  zone  in  the 
cyanogen-oxygen  flame,  and  the  cases  would  be  analogous  to  that  of  the 
inner  cone  of  the  Bunsen  flame,  from  which  the  intermediate  gas  issues  in 
the  condition  of  water-gas  as  equilibrium.  The  products  of  combustion 
in  the  inner  cone  of  the  cyanogen-oxygen  flame  being  diatomic,  the  flame 
differs  from  others ;  it  has  an  unusually  high  temperature  and  its  spectrum 
resembles  that  of  Ihe  carbon  arc.  In  the  presence  of  an  excess  of  oxygen, 
the  spectrum  is  discontinuous  (water-gas) ;  when  there  is  an  excess  of 
cyanogen,  the  water-gas  spectrum  is  very  weak,  but  the  Swan  spectrum 
[carbon  bands]  and  cyanogen  spectrum  become  intense.  So  far  as  the  intro- 
duction of  hydrogen  into  the  flame  indicates,  the  presence  of  water- vapout 
does  not  appear  to  affect  the  light  emission  of  the  cyanogen-oxygen  flame. 
As  regards  the  co-ordination  of  the  spectra  and  certain  compounds,  only  one 
of  the  bands  of  the  ammonia-oxygen  flame  seems  to  belong  to  ammonia. 
That  the  Swan  spectrum  is  connected  with  carbon  vapours  is  further  proved 
by  a  study  of  the  acetylene-oxygen  flame,  in  which  carbon  vapours  (probably 
molecules  of  many  atoms)  appear.  The  spectra  of  burning  {hydrocarbons 
(Eder  spectra)  and  certain  nitrogen  spectra  only  appear  during  actual  com- 
bustion ;  the  water-gas  spectrum,  on  the  other  hand,  seems  in  hot  flames  to 
be  emitted  also  by  the  intermediate  gases;  but  the  co-ordination  of  this 
spectrum  requires  further  investigation.  It  has  to  be  borne  in  mind  that  the 
mner  cone  can  only  be  observed  through  the  zone  of  intermediate  gas.  [See 
also  Abs.  465  (1914).]  H.  B. 

467.  Cosine  Law  in  Kinetic  Theory  of  Gases.  M.  Knudften.  (Ann.  d. 
Phyak,  48.  8.  pp.  1118-1121,  Feb.  1, 1916.)— By  apparatus  shown  in  diagrams 
this  law  has  been  experimentally  tested,  and  the  result  is  in  agreement  with 
the  law.  E.  H.  B. 


VOL.  XIX.— A.— 1916. 


Digitized  by  VjOOQ IC 


168  SCIENCE  ABSTRACTS. 


,  SOUND. 

458.  Propagation  qf  Sound  in  ihe  Atmosphere.  E.  van  Everdiogen. 
(K.  Akad.  Amsterdam,  Proc.  18.  6.  pp.  988-960, 1916.)— In  various  investiga.- 
Uons  on  the  propagation  over  great  distances  of  sounds  from  intense  sources, 
especially  in  the  case  of  volcanic  eruptions  and  explosions,  deviations  have 
fieen  found,  partly  regular,  partly  irregular.  The  source  of  sound  is  always 
sorrouiided  by  an  area  of  regular  or  irregular  shape,  where  the  sound  is 
heard  everywhere,  but  the  source  is  far  from  being  always  situated  symmetric 
cally  within  this  area,  and  the  dimensions  of  the  latter  are  not  even  in  the 
first  place  determined  by  the  intensity  of  the  sound.  In  many  cases  a 
second  area  of  audibility  occurs,  separated  from  the  first  by  a  region  where 
no. sound  at  all  is  heard.  Sometimes  this  second  area  partly  surrounds  the 
first,  sometimes  it  consists  only  of  isolated  spots.  It  can  be  said  generally 
that  the  smallest  distance  from  the  source  of  sound  for  this  second  area 
Is  usually  much  more  than  100  km.,  and  that  the  intensity  of  sound  at  this 
smallest  distance  is  no  smaller  than  at  the  outer  border  of  the  first  area 
of  audibility^  which  is  much  nearer  to  the  source  of  sound.  These  facts  are 
illustrated  by  diagrams  of  seven  different  cases  which  have  previously  been 
investigate4*  These  are  as  follows  : — (1)  Explosion  of  15,000  kg.  of  dynamite 
at  F^de  in  Westphalen,  Dec.  14, 1908  [G.  van  der  Borne,  Abs.  106  (1911)], 
(^)  Explosion  of  25,000  kg.  of  dynamite  near  the  Jungfrau  railway,  Nov.  15, 
1908  {A.  de  Quervain).  (8)  Three  eruptions  of  the  volcano  Asama  in  Japan, 
on  Dec.  7, 1900 ;  Dec.  25, 1910 ;  and  April  4, 1911  (F.  Fujiwhara).  (4)  Explo- 
sion of  gunpowder  and  dynamite  at  l6)be,  April  8, 1910  (S.  Fujiwhara).  (5) 
Explosion  of  200,000  kg.  of  gunpowder  in  a  magazine  at  Wiener-Neustadt  qu 
June  7, 1912  Q.  N.  Dorr,  Abs.  1295  (1914)]. 

Two  chief  lines  have  been  followed  in  the  endeavour  to  explain  these  facts* 
The  first  way,  now  quite  old,  ascribes  the  abnormal  propagation  of  sound 
to  the  in^uence  of  variations  in  temperature  and  wind-velocity  in  the  super- 
posed layers  of  air  in  the  atmosphere.  It  is  easy  to  see  how,  by  certain 
suppositions  about  the  vertical  distribution  of  wind-velocity,  peculiarities  of 
the  propagation  of  sound,  especially  the  silent  region,  may  be  explained. 
The.  influence  of  temperature,  which  decreases  upwards,  is  a  decrease  of  the 
velocity  of  sound  in  the  higher  regions,  thus  causing  the  sound  rays  to  curve 
upwards,  from  the  earth.  A  horizontal  wind  in  ths  direction  of  the  sound, 
and  with  higher  velocities  at  higher  levels,  may  counteract  the  above 
temperature  effect  and  overcome  it,  so  tunning  the  rays  down  again  to  th& 
earth*  A  silent  region  followed  by  a  second  audible  area  is  thus  acr 
counted  for. 

The  second  and  entirely  difiFerent  line  of  thought  was  put  forward  by 
von  der  Borne.  He  supposes  that  the  appearance  of  silent  regions,  in  some 
cases  at  least,  may  be  due  to  the  change  in  composition  of  the  atmosphere, 
which  is  caused  by  the  unequal  decrease  of  the  partial  pressures  of  the 
constituents  of  the  atmosphere.  If  no  mixing  by  convection  currents 
occurred,  each  of  the  gaseous  constituents  of  the  atmosphere  would  form 
an  atmosphere  entirely  according  to  its  own  laws.  In  consequence  of  this 
at  great  heights  the  denser  gases  could  only  occur  as  a  very  small  per- 
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centage,  and  the  lighter  constituents,  of  which  hydrogen  is  thd  most 
generally  known,  must  gradually  begin  to  predominate.  The  convection 
currents  alter  this  state  of  things  only  so  far  as  the  lower  atmosphere  (the 
troposphere)  is  concerned.  Above  10  or  11  km.  (at  least  in  the  temperate 
zone)  little  convection  occurs,  and  above  this  level  the  change  of  composi- 
tion is  expected  to  begin.  Also  above  that  same  level  the  fall  of  temperature 
with  height  ceases.  As  the  velocity  of  sound  in  hydrogen  is  much  greater 
than  that  in  nitrogen  or  oxygen,  it  follows  from  this  that  at  very  great  heights 
the  velocity  of  sound  increases  so  much  that  the  sound  rays  are  curved 
towards  the  earth. 

In  the  light  of  these  two  competing  theories  the  present  author  considers 
the  following  eight  cases  which  have  occurred  during  the  present  war  : — 
(1)  Bombardment  of  Antwerp,  Oct.  7-9, 1914  ;  (2)  naval  battle  on  the  North 
Sea,  Oct  17 ;  (8)  bombardment  of  German  positions  on  the  Yser  by  British 
naval  guns,  Oct.  18 ;  (4)  heavy  fighting  on  the  line  Ostend-Nieuport-Ypres, 
Oct  22  ;  (5)  heavy  fighting  at  the  Yser  canal,  east  of  Ypres  and  south  of 
Lille,  Oct  24 ;  (6)  bombardment  of  German  artillery  in  Flanders  by  12-in. 
British  naval  guns,  Oct.  28 ;  (7)  severe  attack  of  Germans  on  Ypres,  British 
naval  guns  in  action,  heavy  fighting  at  Dixmuiden,  on  the  Lys,  and  at 
M essines ;  (8)  naval  battie  on  the  North  Sea,  Jan.  24, 1915.  These  cases  are 
illustrated  by  maps  and  an  elaborate  table  of  the  meteorological  conditions  at 
the  times  in  question.  Reviewing  these  cases,  the  author  notes  that  the 
silent  region  is  often  displayed  and  in  the  siege  of  Antwerp  in  an  extraordi- 
narily regular  form. 

Of  the  two  explanatory  theories  put  forward  the  influence  of  variations  of 
wind  and  temperature  with  height  leads  us  to  expect  an  asynmietry  with 
respect  to  the  source  of  sound  and  a  difiFerence  between  two  mutually 
perpendicular  directions,  and  permit?  of  all  kinds  of  distances.  The  physical 
explanation,  on  the  other  hand,  requires  complete  symmetry  with  respect  to 
the  source  of  sound.  It  is  found  that  the  outer  limit  of  the  silent  region  is  only 
slightiy  changed  by  considerable  irregularities  in  the  distribution  of  wind  or 
temperature. 

Probably  many  of  the  cases  observed  are  explicable  on  the  meteorological 
theory,  although  there  is  not  absolute  proof  of  this.  In  favour  of  the  physical 
theory  it  must  be  noted  that  the  border  of  the  silent  region  has  been  always  . 
at  about  160  km.  from  the  probable  source  of  sound  and  that  no  appreciable 
deviations  from  the  circular  form  have  been  found.  £.  H.  B» 
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THEORY.  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

459.  Electric  Energy  Density  and  Wave  Conditions  in  Electrically  Unexcitable 
Bodies.  K.  Uller.  (Phys.  Zeits.  16.  pp.  409-414,  Nov.  15,  1915.)— A  mathe- 
matical paper  which  cannot  be  abstracted.  The  electrically  unexcitable 
bodies  are  those  (metals  and  metalloids)  in  which  the  real  part  c'  of  the 
"  exciting  coefficient "  c  (which  latter  was  previously  called  "complex  dielectric 
constant"),  turns  out  negative.  L.  H.  W. 

460.  spontaneous  lonisaiion  of  the  Aqueous  Vapour  of  ike  Atmosphere.  IL 
G.  Oddo.  (Soc.  Chim.  Ital.,  Gazz.  45.  1.  pp.  895-412,  1915.>-The  author 
discusses  the  various  views  which  have  been  expressed  concerning  the  origin 
of  atmospheric  electricity,  this  being  connected  largely,  if  not  entirely,  with 
the  presence  of  water-vapour.  The  molecules  of  the  latter,  being  in  a  rarefied 
or  diluted  state,  undergo  spontaneous  ionisation  in  the  same  way  as  do 
electrolytes  in  dilute  aqueous  solution ;  the  ionised  aqueous  vapour  of  the 
atmosphere  acts,  therefore,  as  a  conductor  of  the  second  class.  In  com- 
parison with  this  source  of  ions,  all  other  sources,  such  as  the  actions  of  ultra- 
violet radiation  from  the  sun  and  of  terrestrial  radio-active  substances,  etc. 
must  be  regarded  as  subsidiary. 

From  the  specific  humidity  of  the  air,  the  number  of  molecules  contained 
in  one  gm.-mol.  of  a  gas,  and  the  number  of  ions  formed  from  100  mols.  of 
water  at  different  temperatures,  the  ionic  concentration  is  calculated  for 
various  temperatures  and  pressures.  Fall  of  temperature  diminishes  the 
proportion  of  water-vapour  in  the  air,  but,  starting  from  82^,  increases  its 
degree  of  ionisation.  The  calculations  now  made  show  that  the  ionic  con- 
centration, Ci,  is  highest  and  approximately  constant  between  5**  and  20^ ;  it 
remains  high  even  at  — 10°,  but  diminishes  rapidly  between  — 10°  and  — 20°, 
in  spite  of  the  rapid  increase  in  the  degree  of  ionisation  ;  it  is  also  high  at  25°, 
decreasing  rapidly  at  higher  temperatures,  and  becoming  virtually  zero  at 
82°.  With  varying  pressure,  the  ionic  concentration  changes  nearly  in 
accordance  with  Boyle's  law,^ .  Ci  =  K.  It  will  be  seen  that  the  ionic  con- 
centration of  the  atmosphere  is  at  its  maximum  for  those  conditions  of  tem- 
perature which  are  most  suitable  to  animal  and  vegetable  life,  and  it  may  be 
assumed  that  the  latter  constitutes  a  true  indicator  of  this  ionic  concentration. 

At  16°  and  a  pressure  of  760  mm.,  1  kg.  of  moist  air,  occupying  778*4  litres 
at  0°  and  760  mm.  in  the  dry  state,  contains  89  X  10"*  hydrogen  and  hydroxyl 
ions,  and  such  marked  ionisation  would  lead  to  the  supposition  that  many 
processes  of  oxidation  and  reduction,  occurring  in  contact  with  air,  are 
electrolytic  in  character.  A  number  of  natural  processes  of  the  inorganic, 
vegetable,  and  animal  kingdom  are  discussed  on  these  lines.  T.  H.  P. 

DISCHARGE  AND  OSCILLATIONS. 

461.  True  Absorption  of  Canal  Rays,  W.  Wien.  (Ann.  d.  Physik,  48.  8, 
pp.  1089-1097,  Feb.  1,  I916.)--In  the  absorption  of  canal  rays  a  distinction 
must  be  made  between  the  enfeebling  of  the  bundle  of  rays  by  scattering  and 
by  actual  absorption.    The  former  action  consists  only  in  an  alteration  of  the 
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direction  of  the  motion  of  the  particles,  while  by  the  absorption  proper,  here 
called  "true  absorption,"  the  rays  lose  their  velocity  and  with  it  their 
characteristic  properties.  The  true  absorption  of  canal  rays  is  of  especial 
interest,  because,  being  the  action  of  a  certain  kind  of  collision  of  particles  of 
matter,  it  gives  an  insight  into  the  mechanism  of  the  whole  molecular  theory. 
It  is  very  difficult  to  observe  the  true  absorption  by  the  photographic  method, 
but  it  is  found  that  the  observations  can  be  satisfactorily  made  by  measuring 
the  heat  produced.  The  thermo-element  employed,  and  the  method  of 
carrying  out  the  experiments  are  described  in  detail.  In  spite  of  the 
deviations  shown  in  the  results  obtained,  it  is  quite  clear  that  the  absorption 
coefficient  is  not  proportional  to  the  pressure.  The  probable  sources  of 
error  are  considered.  Tables  are  given  showing  the  absorption  coefficients 
at  different  pressures  in  nitrogen  and  in  oxygen.  A.  E.  G. 

462.  Arcs  between  Nan-vaporising  Electrodes,  G.  M.  J.  Mackay  and 
C.  V.  Ferguson.  (Frank.  Inst.,  J.  181.  pp.  209-216,  Feb.,  1916.)— In  this 
note  the  author  indicates  briefly  the  nature  of  some  experiments,  to  be  more 
fully  described  later,  made  during  an  investigation  of  the  rectifying  properties 
of  gases.  Langmuir*s  work  [Abs.  725  (1914)]  upon  the  emission  of  electrons 
from  an  incandescent  filament  in  vacuo  has  been  extended  to  gases  at  com- 
paratively high  pressures.  By  the  use  of  tungsten  electrodes  it  has  been 
found  possible  to  construct  enclosed  arcs  which  will  act  as  rectifiers  of 
alternating  current  and  carry  10  to  20  amps,  with  a  life  of  many  hundreds  of 
hours.  The  electrodes  operate  at  temperatures  between  2600°  and  8200°  K., 
and  there  appears  to  be  no  more  loss  of  material  than  can  be  accounted  for 
by  the  normal  rate  of  evaporation  of  the  tungsten  at  these  temperatures.  If 
the  pressure  of  the  gas  is  of  the  order  of  several  cm.  or  higher  there  is  no 
trace  of  kathode  sputtering.  The  reasons  for  its  absence  seem  to  be :  (1) 
elimination  of  high  kathode  drop  by  a  uniformly  highly  heated  electrode, 
and  (2)  a  comparatively  high  pressure  of  gas,  which  lowers  the  kathode  drop, 
by  lessening  the  mean  free  path  of  the  impinging  positive  ions,  and  also  lowers 
the  rate  of  evaporation  of  the  hot  metal.  The  hot  kathode  used  could  be 
heated  by  a  current  of  20  amps,  to  2800°  K. ;  the  anode  was  large.  The  volt- 
amp,  characteristic  of  hydrogen  was  of  the  ordinary  form  showing  an  unstable 
portion  when  the  discharge  changes  with  increasing  current  from  an  almost 
invisible  glow  to  a  very  concentrated  arc.  Other  gases  such  as  nitrogen  or 
argon  did  not  show  such  well-defined  points  of  instability.  If  the 
characteristics  of  the  arc  are  affected  to  any  extent  by  the  evaporation  of 
electrode  material,  as  has  been  supposed  with  carbon  and  low-boiling- 
point  metal  electrodes,  it  should  be  expected  that  strikingly  different  results 
would  be  obtained  with  the  tungsten  arc.  Since  such  differences  have  not 
been  found,  and  since  many  arcs  have  shown  no  spectroscopic  evidence  of 
the  pressure  of  tungsten,  it  would  appear  that  rapid  evaporation  plays  no 
necessary  part  in  the  conduction.  With  direct  current  the  nature  of  the 
anode  had  no  appreciable  influence. 

Oscillographs  are  given  showing  the  behaviour  of  an  a.c.  arc  in  hydrogen, 
nitrogen,  argon,  and  air.  I.  W. 

463.  Negative  Resistance.  A.  W.  Hull.  (Phys.  Rev.  7.  pp.  141-148, 
Jan.,  1916.  Paper  read  before  the  Am.  Phys.  Soc.  Oct  80, 1916.)— When 
electrons  fall  on  a  metal  plate  in  vacuum  they  cause  the  emission  of  secondary 
electrons  (^-rays).  This  emission  increases  with  the  velocity  of  the  bom- 
barding electrons  up  to  a  certain  value  of  the  velocity,  above  which  the 
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metal  plate  loses  electrons  instead  of  gaining  them.  If  the  primary  electrons 
come  from  a  hot  filament,  and  their  velocity  is  doe  to  the  voltage  difference 
between  the  filament  and  the  plate,  it  is  possible  that  increased  voltage  may 
cause  a  decreased  current  to  the  plate.  Under  these  conditions  the  system 
consisting  of  the  filament  and  plate  acts  as  if  it  had  a  negative  resistance. 


The  secondary  electrons  have  too  low  a  velocity  to  reach  the  filament  against 
the  opposing  potential,  and  so  it  is  necessary  to  provide  a  third  perforated 
conductor  more  positive  than  the  plate  to  catch  the  secondary  electrons. 
Fig.  1  shows  the  characteristic  of  a  tube  of  the  kind  referred  to.  The 
portion  AB  is  the  region  of  negative  resistance,  the  current  being  considered 
as  positive  when  positive  electricity  flows  from  high  to  low  potential  across 


Plate 


R  lament 


Anode 


AAAAAAA/^ 
Resistance 


Pig.  2. 


the  evacuated  space.  The  negative  resistance  is  reversible,  has  no  lag,  and 
is  aperiodic.  Fig  2  shows  a  tube  connected  in  series  with  a  resistance  R. 
If  the  tube  has  a  negative  resistance  r,  a  small  change  of  the  voltage  across 
the  two  resistances  will  cause  the  voltage  across  R  to  vary  R/(R  —  r)  times 
the  amount  of  the  variation.  This  method  may  be  used  to  obtain  10,000- 
fold  voltage  amplification.  A.  ].  M. 

464.  Electrical  Oscillations  from  Mercury-vapour  Tubes.  B.  Liebowitz. 
(Phys.  Rev.  6.  pp.  460-477,  Dec,  1916.  El.  World,  67.  pp.  885-886,  Feb. 
12,  1916.) — The  types  of  arc  oscillations  have  been  classified  by  Nasmyth 
[Abs.  826b  1(1911)]  as  "DuddeU,"  "  Poulsen,"  and  "Wien"  oscillations. 
These  types  are  characterised  respectively  by  a  condenser  current  of  smaller 
amplitude  than  the  direct  current,  a  condenser  discharge  in  the  form  of  a 
single  undirectional  pulse,  and  a  discharge  in  the  form  of  a  damped  oscilla- 
tion. The  object  of  the  experiments  and  mathematical  investigation  is  to 
determine  whether  it  is  possible  to  obtain  oscillations  of  the  last  two  types 
by  means  of  mercury-vapour  tubes.  Preliminary  experiments  with  a  760- 
volt  supply  gave  negative  results  although  irregular  pulsations  were  obtained. 
This  failure  is  ascribed  partly  to  the  distributed  capadty  of  the  windings  of 
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the  series  inductance  coils^  and  farther  reasons  for  the  failure  are  deduced 
by  mathematical  reasoning.  It  is  shown  that  the  counter-eoni.  P  of  an 
oscillating  arc  is  given  by  P  as  (tib  +  vi)/[2(l  +  K)],  where  Ksas/i/4  or  the 
ratio  of  the  time  daring  which  the  tube  is  in  a  conducting  state  to  the 
time  daring  which  the  tnbe  is  in  a  non-condocting  state  and  Vi  and  f% 
are  the  instantaneoos  condenser  e.mi.'s  at  the  ends  of  the  periods  A  and 
4*  The  oscillations  are  stable  if  the  mean  value  of  the  supply  current  it 
greater  than  half  its  steady  value  with  short-circuited  arc  iif  a  constant 
supply  voltage  be  used  and  if  the  supply  volts^e  is  greater  than  2P,  but 
stability  can  be  obtained  at  smaller  values  of  the  current  if  the  e.mi.  used 


decreases  rapidly  with  increase  of  current  and  follows  the  changes  of  the 
current  almost  instantaneouslyi  as  otherwise  the  current  will  fall  below  its 
critical  value  for  a  period  long  enough  to  cause  the  extinction  of  the  arc. 
From  these  facts  it  is  argued  that  to  obtain  stable  oscillations  the  impressed 
voltage  must  be  not  less  than  several  thousand  volts ;  that  the  series  induc- 
tance must  be  not  less  than  several  henries,  and  that  the  ratio  L/C  of  the 
inductance  to  the  capacity  of  the  oscillatory  circuit  should  be  as  large  as 
possible.  Experiments  made  with  conditions  meeting  these  requirements' 
as  nearly  as  possible  and  with  a  supply  pressure  of  4000  volts  were  a^pun 
found  to  have  negative  results  as  it  was  not  possible  to  increase  the  ratio 
L/C  sufficiently  to  give  steady  oscillations  with  the  available  supply  voltage. 
It  was  found  that  steady  oscillations  could  be  obtained  with  a  mercury- 
vapour  tube  with  two  Hg  kathodes  Ki  and  K*  and  a  single  iron  or  graphite 
anode  A,  the  oscillation  branch  r,  C,  L  being  connected  across  the  two 
kathodes  as  shown  in  the  Fig.  The  oscillations  generated  were  of  variable' 
amplitude  and  the  frequency  of  the  amplitude  variations  was  above  audi-' 
bility.  The  ratio  L/C  was  taken  between  10^  and  10^  with  capacities  C' 
ranging  from  0*002  to  0*0002  mfd.,  and  the  supply  was  given  by  a  4000^volt 
generator.  The  values  of  the  series  inductances  were  Li,  Lt,  and  Lt  as  1*78, 
1<^1,  and  0*31  henry  respectively.  The  oscillations  produced  had  frequencies 
ntoging  from  60,0000  to  80,000  cycles  per  sec.,  and  the  high-frequency 
output  was  about  60  watts  with  88  ohms  in  the  oscillatory  branch.  The 
oscillations  pass  directly  between  the  two  kathodes  and  the  anode  carries 
the  d.c.  discharge  only.  A. }.  M 

Tou  nx.— A.— 1916. 

Digitized  by  VjOOQIC 


168 


SCIENCB  ABSTRACTS. 


ELECTRICAL   PROPERTIES  AND   INSTRUMENTS. 

465.  Sensitive  Photoelectric  Cells.  J.  Kunz  and  J.  Stebbins.  (Phys. 
Rev.  T.  pp.  .62-65,  Jan.,  1916.) — In  view  of  the  successful  employment  of 
alkaUhydride  photoelectric  cells  to  stellar  photometry  [Abs.  1827  (1918)] 
several  new  forms  have  been  tried.  The  final  form  consists  of  a  glass  bulb 
8*4  cm.  in  diam.  containing  a  small  Pt  kathode  and  an  anode  consisting  of  a 
Pt  ring^  1*8.  cm.  in  diam.,  the  stalk  of  which  passes  through  a  Pt  cylinder 
whose  function  is  to  lead  surface  and  electrolytic  currents  of  the  glass  to 
earth.  The  sensitive  surface  consists  of  a  silver  mirror  kathode  which  is 
cooled  by  ice,  while  an  alkali  metal  is  distilled  on  to  it  in  a  thin  uniform 
layer.  Pure  hydrogen  is  then  admitted,  and  the  pressure  so  adjusted  that 
800  volts  produce  a  uniform  glow.  The  hydride  is  formed  in  a  few  seconds. 
Rubidium  ^ves  a  reddish  layer,  and  yields  the  best  results,  especially  with 
neon  instead  of  hydrogen.  Ethane,  ammonia,  and  acetylene  give  very 
sensitive  layers,  which,  however,  are  not  stable.  In  the  rubidium-neon  cell 
the  current  is  exactly  proportional  to  the  incident  energy.  No  current  values 
are  quoted.  E.  E.  P. 

486.  Damping  Factor  of  D'Arsonval  Galvanometer.  L.  Pyle.  (Phys.  Rev. 
6.  pp.  446-449,  Dec.,  1915.)-— It  is  common  practice  to  express  the  damping 
factor  of  a  galvanometer  as  (OJOt)^,  where  9i  and  Ot  are  the  first  positive  and 
negative  throws.  In  fact  the  damping  factor  is  {0\IOt)^^^,  where  /i  is  the  time 
taken  to  attain  the  throw  9i  and  T  is  the  damped  period.  These  two  values 
(or  the  damping  factor  are  not  equal  unless  the  middle  term  of  the  equation 
of  motion  K6'\-a6  +  be  =  0  vanishes.  The  ratio  x  of  the  latter  to  the  former 
values  for  the  damping  factor  are  worked  out  and  the  following  values 
obtained  in  terms  of  0il9t : — 
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0-9886 

08890 

0-7846 

0-6791 

0-6291 

These  values  are  corroborated  by  a  test  made  with  a  ballistic  galvanometer 
^th  variable  damping,  oscillograms  being  described  photographically  by  a 
beam  of  light  from  the  mirror  of  the  oscillating  coil  falling  on  a  rotating 
drum.  A.  J.  If. 


ALTERNATING  CURRENTS    AND   MAGNETISM. 

467.  Electron  Theory  of  Paramagnetism.  J.  Kroo.  (Deutsch.  Phys. 
GeseU.,  Verb.  17.  24.  pp.  452-468,  Dec.  80,  1915.)— Starting  with  Born  and 
Karman's  space-lattice  theory  the  author  obtains  an  expression  for  the 
magnetic  moment  and,  on  applying  the  Lorentz-Wien  theory  of  collisions, 
for  the  specific  susceptibili^.  The  results  on  this  theory  for  Pd  and  Pt 
are  then  compared  with  those  obtained  by  Onnes  and  Oosterhuis.  It  is  con- 
sidered that  the  theory  correctly  explains  the  general  behaviour  in  a  quali- 
tative sense  although  it  is  only  a  first  attempt  A  relation  between  resistivity 
and  susceptibility  would  appear  to  be  revealed  by  this  theory.  L.  H.  W. 

468.  Lord  Kelvin  and  Terrestrial  Magnetism.  C.  Chree.  (Inst.  El.  Eng., 
).j^  54.  pp.  405-425,  March  1,  1916.     Seventh  Kelvin  Lecture.)— The  author 
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traces  the  inQuence  of  the  practical  and  theoretical  work  of  Kelvin  on  the 
progress  and  utilisation  of  our  knowledge  of  terrestrial  magnetism.  Of  the 
outstanding  problems  special  attention  is  devoted  to  secular  change,  solar 
diurnal  variation,  and  the  phenomena  of  magnetic  disturbances.  The  secular 
change  is  shown  from  1580  to  1914.  In  the  discussion  of  diurnal  variations 
comparisons  are  shown  graphically  between  the  diurnal  inequalities  at  Kew 
and  those  from  the  results  of  the  National  Antarctic  Expedition,  the  diagrams 
being  plotted  as  vectors  for  each  hour  of  the  day,  showing  separately 
the  values  for  selected  quiet  days  and  all  days.  An  interesting  difference 
between  the  two  records  is  that  the  azimuth  of  the  force  producing  the 
difference  between  quiet  and  all-day  phenomena  at  Kew  is  practically 
constant  at  64^  East  of  North,  while  that  for  the  Antarctic  swings  round 
through  all  azimuths  during  the  24  hours.  It  is  also  noted  that  the  azimuth 
of  the  non-cyclic  effects  in  the  horizontal  components  at  Kew,  treated  as 
a  vector,  comes  perpendicular  to  the  azimuth  of  64°  East  found  for  the  above- 
mentioned  effect.  A  long  discussion  is  given  of  the  phenomena  of  magnetic 
disturbances,  chiefly  with  respect  tp  the  27-day  period  as  indicating  solar 
influence.  C.  P.  B. 


RADIOGRAPHY  AND  ELECTROPHYSIOLOGY. 

460.  Electrical  Conductivity  of  the  Human  Body,  G.  Bucky.  (Elektrot. 
Zeits.  86.  pp.  678-675,  Dec  28, 1916.)— This  article  discusses  the  resistance 
of  the  human  body  from  the  medical  point  of  view.  The  conductivity  of  the 
different  tissues  and  of  complicated  arrangements  of  these  tissues  must  be 
taken  into  account,  and  the  author  endeavours  to  give  reasons  in  explana- 
tion of  the  fact  that  with  high-frequency  treatment,  currents  of  more 
than  8  amp».  can  be  sent  through  the  body  without  injury,  and  this  is 
supposed  to  l>e  due  to  the  absence  of  ionisation  and  of  the  dissociation 
of  any  salt  solutions.  The  article  is  intended  to  set  forth  the  principles  on 
which  suitable  medical  treatment  can  be  prescribed  for  ordinary  ailments 
and  for  accidental  electric  shock.  W.  H.  S. 

470.  The  Production  of  X-rays  in  the  Present  War.  U.  Magini.  (Elettro- 
tecnica,  8.  pp.  126-188,  March  5,  1916.)— This  article  is  a  critical  review  of 
the  X-ray  apparatus  employed  in  Italy  and  abroad  for  war  purposes.  The 
author  states  that  apparatus  of  medium  power  is  mostly  employed  :  power- 
ful appartus  is  too  expensive,  too  heavy,  and  difficult  to  transport.  A  general 
review  of  the  different  instruments  constituting  an  X-ray  apparatus,  with 
a  discussion  of  their  merits  and  inconveniences,  is  given.  The  reasons  for 
the  adoption  of  induction  coils  and  interrupters  instead  of  ordinary  trans- 
formers and  alternating  current  are  explained.  The  author  considers  that 
the  solution  of  the  two  fundamental  problems  in  the  production  of  X-rays, 
namely,  the  increase  of  the  efficiency  and  the  elimination  of  the  inverse 
currents,  will  probably  be  given  by  a  tube  with  thermic  ionisation,  derived 
from  the  Coolidge  t3rpe.  This  tube  has,  as  a  matter  of  fact,  a  high  efficiency 
and  acts  rigorously  as  a  valve.  E.  B. 


VOL.  XIX.— A.— 1916. 

Digitized  by  VjOOQIC 


170  SCIENCE  ABSTRACTS. 


CHEMICAL  PHYSICS  AND   ELECTRO-CHEMISTRY. 

471.  Periodic  System  and  Properties  of  the  Elements,  W.  D.  Harkins 
and  R.  E.  Hall.  (Am.  Chem.  Soc.,  J.  88.  pp.  169-221,  Feb.,  1916.)— The 
authors  have  evolved  a  periodic  table  which  shows  graphically  the  relations 
between  the  main  and  the  sub-groups  of  elements.  The  elements  are 
arranged  in  the  exact  order  of  their  atomic  numbers  and  there  are  no  blanks 
for  unknown  elements  not  corresponding  with  atomic  numbers  as  determined 
by  Mosele/s  work  on  the  X-ray  spectroscopy  of  the  elements.  The  elements 
are  also  plotted  according  to  their  atomic  weights,  so  that  the  isotopic  forms 
of  an  element  may  be  shown  graphically  on  the  table,  and  the  alpha  and  beta 
decompositions  of  the  radio-active  elements  plainly  depicted.  Both  the  zero 
and  the  eighth  groups  fit  naturally  into  the  system.  The  table  may  be  best 
represented  as  a  helix  in  space,  but  may  be  shown  as  a  spiral  in  a  plane. 

T.  H.  P. 

472.  Molecular  Attraction.  II.  K.  K.  jarvinen.  (Zeits.  Phys.  Chem. 
88.  pp.  428-450,  Oct.  6, 1914.)— In  his  first  paper  (Ibid.  88.  pp.  641-574),  a 
general  formula  of  the  gravitation  t3rpe  was  deduced  by  the  author  for  the 
molecular  attraction,  F  s  n^klt^.  The  second  paper  assumes  n.ss  5,  that  is, 
Fs=  m'A/r*,  and  compares  the  derived  formulae  with  observed  values.  The 
formula  is  found  to  hold,  if  the  centres  of  the  atoms  be  accepted  as  centres  of 
attraction  ;  in  that  case  the  molecular  attraction  would  be  F  as  n^kl(r  —  hnY, 
where  r  and  n  are  respectively  the  distances  between  molecules  and  their  di<- 
ameters  and  6  is  a  constant.  This  formula  leads  to  C^i/W^a  =s  const.,  where  C« 
is  that  portion  of  the  molecular  specific  heat  wanted  for  overcoming  the  mole- 
cular attraction,  and  W^  the  inner  latent  heat,  which  accords  with  experimental 
determinations  if  the  theoretical  values  be  taken  for  the  constant,  i.e.  1*29  for 
monatomic  (assuming  tetrahedral  grouping  of  the  molecules),  and  1*68  for 
polyatomic  substances.  Further  complex  formulae  for  the  heat  of  vaporisa- 
tion are  shown  to  agree  with  accepted  data  even  near  the  critical  points.  From 
these  equations  the  constant  k  may  be  calculated  ;  k  is  the  greater,  the  smallw 
the  density  s  of  substance  at  its  boiling-point,  and  for  a  large  number  of  sub- 
stances (the  common  gases,  mercury,  methane,  hexane,  benzene,  etc.)  ks 
is  approximately  constant ;  for  many  others,  however,  comprising  most  of  the 
inorganic  substances  (01, 1,  Br,  organic  compounds  containing  these,  anilines, 
S,  HtO,  HtS,  SOt,  PCls,  HNOt)  there  is  no  constancy  at  aR  These  latter  sub-i 
stances  are  probably  associated  or  anomalous  in  other  respecte  ;  that  would 
have  to  be  proved  before  the  validity  of  these  laws  could  be  accepted.  If 
valid,  however,  the  molecular  attraction  between  equal  volumes  of  any  sub- 
stances would  be  the  same,  and  that  would  point  to  a  common  original 
constituent  of  all  the  elements*  H.  B. 

473.  Structure  of  Slimy  Crystalline  Liquids,  O.  Lehmann.  (Ann.  d, 
Physik,  48.  6.  pp.  725-769,  Dea  7, 1915.)— The  author  discusses  at  great  length 
the  behaviour  and  properties  of  liquid  crystals.  He  distinguishes  three 
classes  of  such  crjrstals— namely  :  (1)  gluey  liquid ;  (2)  slimy  liquid  ;  (8) 
drop-forming  liquid.  The  original  pages  should  be  referred  to  for  details 
and  the  explanatory  diagrams.  L.  H.  W. 
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A'f^.  Palladium  and  Hydrogen.  II.  A.  Sieverts.  (Zeits.  Phys.  Chem.  88. 
pp.  451-478,  Oct.  6, 1914.)— Continuing  his  experiments  (Ibid.  88.  pp.  108-127) 
with  the  same  materials  (Pd-wires,  palladium  black,  and  spongy  Pd,  molten 
metal  at  100°  to  1500^  C.)  and  the  same  apparatus,  now  between  1889  and 
821°  and  at  pressures  from  1  to  760  mm.  of  Hg,  the  author  finds  that  the 
absorption  of  hydrogen,  L^,  per  unit  weight  of  Pd-wire  (pure  or  commercial) 
is  roughly  proportional,  within  the  temperature  limits  stated,  to  kp^^,  where 
p  is  the  hydrogen  pressure.  But  the  ratio  L^/^^''  increases  with  increasing 
pressure,  so  that  L^  =  ^i^*'*  +  ktpy  where  ifei,  kt  are  constants  depending  upon 
the  temperature.  Thus  hydrogen  molecules  would  appear  to  be  in  equi- 
librium with  hydrogen  atoms,  both  in  the  gas  phase  and  when  in  solution  in 
Pd,  and  Henry's  law  would  hold  strictly  for  atoms  as  well  as  for  molecules. 
The  dissociation  constant  of  hydrogen  c^culated  in  this  connection  remained 
practically  constant  between  800**  and  820°  (values  ranging  from  102  to  112), 
but  was  smaller  at  188^  (26).  The  equation  above  given  does  not  hold  for 
higher  pressures  and  does  not  explain  the  peculiar  isothermals  of  Troost  and 
Hautefeuille  and  of  Hoitsema  (determined  in  the  seventies  and  nineties). 
Quantitatively  the  absorption  seems  to  depend  merely  on  temperature  and 
pressure,  not  upon  the  exposed  surface  area,  and  would  therefore  be  a  true 
solution  phenomenon.  The  isothermals  for  compact  Pd  and  for  palladium 
black  and  spongy  Pd  are  similar  though  not  identical,  and  the  character  of 
the  metal  (the  mode  of  preparation  of  the  specimens)  has  some  influence. 
Above  100°,  however,  at  any  rate  the  hydrogen  seems  to  be  simply  absorbed 
by  the  black  metal  or  sponge ;  below  100°  surface  absorption  plays  a  con- 
siderable part  The  phenomena  would  be  in  accordance  with  the  assumption 
that  finely-divided  Pd  (black  and  sponge)  is  made  up  of  different  proportions 
of  the  amorphous  and  the  crystalline  metal,  which  have  different  powers  of 
holding  hydrogen  in  solution.  On  the  other  hand,  the  absorption  isobars  and 
isothermals  of  the  system  palladium-hydrogen  do  not  support  the  view  (of 
Andrew  and  Holt  and  of  Halla)  that  an  enantiomorphic  transition  of  Pd 
should  take  place  near  150°.  H.  B. 

475.  Electron  Emission  during  Chemical  Reactions,  G.  Just  and  F. 
Haber.  (Zeits.  Elektrochem.  20.  pp.  488-485,  Aug.  1, 1914.)— The  continued 
experiments  concern  in  particular  the  effect  of  illumination,  by  a  candle 
or  an  arc  lamp.  The  apparatus  is  joined  to  a  Gaede  pump  and  to  a  tube 
containing,  within  a  thin  glass  capsule  (to  be  broken  by  an  electromagnet) 
some  thionylchloride  ;  the  tube  can  be  cooled  by  liquid  air,  so  as  to  keep  the 
vapour  pressure  very  low.  The  other  reacting  substance  is  the  liquid  alloy 
K-Na,  which  drips  from  a  silver  capillary ;  below  the  outlet  of  the  capillary 
is  a  ring  of  silver  connected  to  an  electrometer.  The  whole  apparatus  is 
wrapped  with  tin-foil,  except  a  window  through  which  the  light  can  fallen  the 
drops  of  metal.  Neither  the  dripping,  nor  the  escape  of  the  thionyl  alone 
affected  the  electrometer  in  the  dark  ;  a  slight  discharge  of  the  electrometer 
was  observed  when  the  candle  was  approached,  and  the  effect  increased 
rapidly  as  the  temperature  of  the  (originally  cooled)  cell  rose.  The  sum  of 
the  two  single  effects  (reaction  and  light)  was  only  one-tenth  of  the  combined 
effects  with  candle-light,  but  half  of  the  combined  effects  with  arc  illumina- 
tion. Experiments  were  also  made  with  the  metals  Cn,  Ag,  Al,  which  had  to 
be  heated  to  show  any  emission  of  electrons.  This  cell  was  further  provided 
with  a  device  to  rub  the  metallic  cap  (heated  by  a  coil)  clean  during  the 
tiq>eriments  with  iodine  or  hydrogenchloride  by  means  of  a  small  electric 
motor  and  emery-wheel ;  the  cell  had  to  be  made  large  to  accommodate  this 
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device ;  the  latter,  however,  was  not  really  required^  The  metal  was  charged 
to  16  volts,  positive  or  negative.  Aluminium  showed  no  discharge  of  th^ 
electrometer  below  160°,  when  iodine  vapour  of  — 19°  was  admitted  by 
turning  a  tap  ;  at  180°  the  effect  became  distinct ;  at  240°  it  was  very  strong, 
especially  when  the  metal  was  charged  negatively.  With  positive  charges 
the  effects  were  much  weaker.  At  high  temperatures  of  the  metal  the 
discharge  lost  its  unipolar  character.  H.  B. 

476.  Preparation  of  Zsigmondys  Colloidal  Gold  ;  Influence  of  Foreign 
Substances.  K.  Hiege.  (Zeits.  Anorg.  Chem.  91.  pp.  146-185,  Feb.  16, 
1916.) — The  colloidal  goW  solution  of  Zsigmondy,  in  whose  laboratory  this 
research  was  carried  out,  is  prepared  by  mixing  6  gm.  of  AuHCl4,4HfO, 
dissolved  in  1  litre  of  purest  water,  with  KiCOj  and  with  from  8  to  5  cm.'  of 
formaldehyde  solution.  According  to  Tammann  the  spontaneous  crystal- 
hsation,  i,e,  the  formation  of  a  colloidal  solution,  depends  upon  the  formation 
of  crystal  centres  or  nuclei  (this  power  he  designates  by  K.V.),  and  upon  the 
linear  rate  of  advance  (K.G.),  temperature,  etc.,  and  the  presence  of  foreign 
substances  influence  these  factors.  The  author  studies  the  water  (for  ultra- 
microscopic  examination),  and  the  solutions  before  and  after  adding  the 
formaldehyde,  examining  the  influence  of  many  colloids  (several  oils,  fats, 
soaps,  gum  arabic,  SiOi,  SnOs,  F»Os,  etc.),  and  of  a  very  large  number  of 
electrolytes,  some  of  which  (alkali  halides)  act  in  the  first  instance  favourably 
on  the  formation  of  nuclei,  but  may,  like  colloids,  hinder  it  in  two  ways,  by 
uniting  with  the  gold  particles,  and  by  their  carrying  electric  charges  (ferric 
oxide).  Some  organic  compounds  reduce  the  gold  before  addition  of  the 
formaldehyde.  The  concentrations  of  electrolytes,  required  to  cause  coagu- 
lation, are  likewise  tabulated.  The  protective  colloids,  gelatin,  sodium  soaps, 
and  protalbate,  sulphur,  stannic  acid,  silicic  acid  (the  latter  especially  if 
"aged,"  when  probably  contaminated  with  organic  matter)  prevent  the 
formation  of  nuclei,  particularly  at  certain  concentrations;  in  smaller  concen- 
trations they  may  cause  turbidity,  which  disappears  on  adding  more  colloid  ; 
at  that  moment  the  number  of  nuclei  is  a  minimum.  Always  injurious  are 
the  ferrous  and  ferric  potassium  cyanides,  and  slightly  less  so  the  colloidal 
metallic  oxides  (Sn,  Fe,  Co) ;  for  this  reason,  probably,  ordinary  water  is 
unsuitable.  H.  B. 

477.  Heat  Losses  from  an  Electric  Steel  Furnace,  W.  H.  Wills  and 
A.  H.  Schuyler.  (Am.  Electrochem.  Soc,  Trans.  28.  pp.  207-216 ;  Disc, 
216-220,  1916.)— Experiments,  two  runs  of  about  4  hours  each,  made  under 
ordinary  working  conditions,  on  a  2-ton  Heroult  furnace  of  the  -Treadwell 
Engineering  Co.,  especially  to  determine  the  heat  losses  due  to  gases  issuing 
from  the  two  charging  doors  and  the  tap-hole  between  them  (first  run)  and 
the  heat-losses  by  conduction  into  the  electrodes  and  by  their  water-jackets 
(second  run).  Sheet-iron  flues  were  fitted  over  the  doors  and  tap-hole, 
thermo-couples  were  pressed  tightly  against  the  three  graphite  electrodes 
(three-phase),  and  the  cooling  water  temperatures  were  taken ;  the  jackets 
are  on  the  top  of  the  roof.  Little  gas  was  generated,  but  there  was  an  in- 
draught of  air  through  the  badly  closing  doors.  The  average  heat  losses 
amounted  to  12*6  %  (doors  and  tap-hole),  and  7*8  %  (electrodes)  of  the  power 
put  into  the  furnace ;  the  former  loss  might  have  been  reduced  considerably, 
the  latter  hardly.  In  the  discussion,  C.  Hering  and  L»  Addicks  criticised 
the  flues,  which  acted  as  chimneys,  and  the  electrodes,  which  they  considered 
too  large;  J.  W.  Richards  did  not  consider  the  losses  unusual.  The 
furnace  had  been  used  for  four  years.  H.  B. 
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478.  Preparation  of  Aluminium  from  Russian  Minerals,  N.  Puschin, 
£.  Dischler,  and  M.  Maksimenko.  (Russian  Physico-Chem.  Soc,  J.  46. 
pp.  1847-1865, 1914.)— When  a  current  density  of  ^8  amps./cm.'  of  the  anode 
surface,  and  a  fused  mixture  containing  about  40  mol.  %  of  aluminium 
fluoride  are  employed,  and  alumina  is  periodically  added  to  the  mixture, 
the  extraction  of  Al  may  be  carried  on  continuously  for  a  long  time,  the  yield 
approximating  to  that  obtained  in  large  industrial  plant.  Aluminium  may  he 
prepared  from  the  simonite  found  in  the  Urals,  the  mineral  being  converted 
first  into  the  oxide  and  then  into  the  oxyfluoride,  AltOF4,  which  is  found  to 
be  more  suitable  than  the  fluoride  for  treatment  in  the  electric  furnace. 

T.  H.  P. 

479.  Emission  of  Corpuscles  during  Chemical  Reactions,  I.  S.  Tanatar 
and  E.  Burkser.  (Russian  Physico-Chem.  Soc,  J.  47.  pp.  966-968, 1915.)— 
The  apparatus  employed  consisted  of  an  electroscope  with  Al  leaves,  which 
in  most  cases  were  charged  positively  to  about  200  volts.  By  means  of  a 
scale  and  mirror,  the  rate  of  discharge  was  measured,  first  in  presence  of  the 
substances  to  be  used  in  the  reaction,  and  subsequently  during  the  reaction. 
(1)  Reactions  in  which  no  gases  are  evolved :  with  the  neutralisation  of  con- 
centrated sodium  hydroxide  solution  by  concentrated  sulphuric  acid,  the 
oxidation  of  concentrated  sodium  sulphite  solution  by  permanganate,  and 
the  oxidation  of  alcohol  by  potassium  dichromate  and  sulphuric  acid,  no 
ionisation  was  observed.  With  potassium  ferrocyanide  and  hydrogen 
peroxide,  or  ammonia  and  nitric  acid  vapours,  or  ammonia  and  COt,  feeble 
ionisation  occurred,  and  with  ammonia  and  SOt  marked  ionisation.  With 
ammonia  and  hydrogen  chloride,  evolved  from  their  concentrated  solutions 
placed  on  the  bottom  of  the  containing  cylinder,  the  ionisation  was  intense, 
the  dispersion  of  the  charge  proceeding  at  the  rate  of  10  volts  per  min.,  and 
the  effect  being  observable  more  than  an  hour  after  the  introduction  of  the 
solutions ;  when  the  electroscope  was  charged  negatively,  the  ionisation  was 
considerably  less  marked. 

(2)  Reactions  tn  which  gases  are  evolved  i  no  ionisation  is  observed  with 
sulphuric  acid  and  sodium  carbonate  or  sulphite  solution,  quinol  and  a 
mixture  of  sulphuric  acid  and  permanganate,  or  concentrated  solutions  of 
sodium  hydroxide  and  ammonium  chloride.  Ionisation  occurs  with  the 
reactions  between  sodium  amalgam  and  water,  and  between  potassium 
ferricyanide  and  barium  peroxide  (1  volt  per  min.).  The  ionisation  is  more 
marked  with  formic  acid  and  sulphurous  acid,  calcium  and  water,  and  during 
the  first  8  to  5  mins.,  during  which  the  sodium  acts  on  the  water  present, 
with  sodium  and  96  %  alcohol.  Intense  ionisation  occurs  in  the  following 
reactions:  the  combustion  of  sulphur;  dilute  sulphuric  acid  and  zinc, 
10  volts/min.,  but  somewhat  less  with  a  negative  charge ;  dilute  sulphuric 
acid  and  magnesium,  20  volts/min. ;  zinc  dust  and  hydrogen  peroxide  solution, 
90  volts/min. ;  addition  of  water  to  calcium  carbide,  10  volts/min.,  but  less 
when  the  carbide  is  dropped  below  the  surface  of  the  water;  potassium 
nitrite  and  anmionium  chloride,  20  volts/min.;  sodium  hydroxide  solution 
and  aluminium,  20  volts/min. ;  decomposition  of  ammonium  dichromate  on  a 
heated  quartz  dish,  25-80  volts/min. 

With  discontinuance  or  retardation  of  the  reaction,  the  ionisation  also 
exhibits  weakening,  which  is  at  first  rapid,  but  proceeds  more  and  more 
slowly,  and  in  some  cases,  such  as  the  decomposition  of  ammonium  dichro- 
mate, occupies  more  than  an  hour.  With  mineral  waters  and  the  guises 
evolved  from  them  it  is,  therefore,  advisable  to  determine  the  radio-activity 
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4  to  5  hours  after  the  sample  is  taken,  since  the  emanation  would  then  be  in 
equilibrium  with  its  decomposition  products,  and  any  reaction  between  the 
gases  and  the  salts  of  the  water  or  the  walls  of  the  vessel  at  an  end.  The 
results  show  also  that  no  relationship  exists  between  the  evolution  of  gases 
and  ionisation.  T.  H.  P. 

480.  Relation  between  Atomic  Weights  and  Velocity  of  Movement  of  the 
Atoms  of  Elements  at  their  Melting-points :  Natural  System  of  the  Elements, 
P.  P.  V.  Weimarn.  (Russian  Physico-Chem.  Soc,  J.  47.  pp.  481-489, 1915). 
— ^The  author  has  constructed  three  curves,  each  of  which  has  the  atomic 
weights  of  the  elements  as  abscissae,  the  ordinates  being  the  absolute  melting- 
point  T,,  T,/A,  and  V(T,/A)  respectively.  The  greatest  regularities  are 
shown  by  the  last  two  of  these  curves,  and  especially  by  the  third,  the 
ordinates  of  which  are  proportional  to  the  intensity  factors  of  the  energy 
of  atomic  motion  at  the  melting-points. 

The  curves  lead  to  interesting  conclusions  concerning  the  position  of 
hydrogen  in  the  natural  system  of  the  elements.  Ramsay,  among  others, 
considers  that  this  element  is  to  be  regarded  as  the  first  member  of  the  halogen 
group,  and  Biltz  [Abs.  1601  (1911)]  states  that  a  study  of  his  curve  renders 
such  a  position  for  hydrogen  inevitable.  The  possibility  that  other  elements 
may  yet  be  found  between  hydrogen  and  helium  cannot,  however,  be  over- 
looked. From  the  value  of  >/(T^/A)  for  hydrogen  and  the  position  of  the 
latter  on  the  curve,  this  element  approaches  those  capable  of  existing  under 
ordinary  conditions  in  both  the  metallic  and  non-metallic  states. 

If  the  values  of  A  and  T,  are  known  and  the  position  of  the  element  in 
the  periodic  system,  it  is  possible  to  determine  the  magnitudes  of  many 
properties  of  the  element  at  the  melting-point,  and  also,  if  the  temperature- 
coefficients  of  these  properties  are  known,  at  any  other  temperature. 

T.  H.  P. 

481.  Reduction  of  Metallic  Oxides  with  Hydrogen  at  High  Pressures.  E. 
Newbery  and  J.  N.  Pring.  (Roy.  Soc.,  Proc.  92.  pp.  276-286,  March  1, 
1916.)— Metallic  oxides  have  been  heated  to  temperatures  up  to  2500°  C.  in 
dry  hydrogen  at  pressures  up  to  150  atmos. ;  metallic  sodium  being  used  to 
reduce  the  pressure  of  the  water-vapour  produced  to  as  low  a  limit  as 
possible.  CriOj  and  MnOt  were  reduced  to  the  metallic  state,  while  oxides 
of  V,  Nb,  U,  Ti,  and  Ce  were  reduced  to  a  lower  state  of  oxidation  and  never 
to  the  metallic  state.  AUOs,  MgO,  ZrOi,  YiOs,  and  ThOi  were  unchanged. 
The  samples  of  Or  and  Mn  obtained  appeared  to  be  much  purer  than  those 
prepared  by  any  previous  method.  The  melting-points  were  obtained  by 
Burgess's  method,  and  the  value  found  for  the  Mn  was  1280°  ±  5°  C,  and  for 
the  Or  1615°  ±  15°  C.  The  supposition  as  to  the  comparative  purity  of  the 
metals  was  borne  out  by  the  sharp  nature  of  the  melting-points,  a  feature 
which  is  lacking  in  samples  prepared  by  other  methods.  In  the  reduction  of 
V1O5  in  hydrogen  at  76  atmos.  pressure  VjOs  and  VO  were  produced.  VjOj 
is  a  black  substance  with  a  beautiful  steel-blue  iridescence,  and  is  a  good 
conductor  of  electricity.  VO  is  a  silver-white  metallic-looking  substance 
which  conducts  electricity  like  a  metal  and  possesses  chemical  and  physical 
properties  almost  identical  with  those  of  metallic  V.  CeOt  was  reduced  to 
OetOs,  a  body  which  is  very  difficult  to  prepare  by  other  methods. 

F.  C.  A.  H.  L. 

482.  Metallography  of  Steel  for  U.S.A.  Naval  Ordnance.  H.  E.  Cook. 
(Am.  Inst   Mining  Eng.,  Bull.  No.  110.  pp.  875-400,  Feb.,  1916.)— In  its 
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specifications  for  gen  forgiogs  the  U.S.  Bureau  of  Ordnance  reserves  the 
right  to  make  such  microscopic  examination  as  it  may  deem  necessary,  and 
has  accordingly  equipped  various  inspection  offices  with  microscopic  outfits 
with  the  object  of  stud3dng  the  value  of  metallography  as  an  aid  to  inspec* 
tion.  The  author  describes  the  initial  results  of  these  studies,  and  repro* 
duces  photomicrographs  of  various  test-pieces  cut  from  casting  and  forgings, 
used  in  ordnance  manufacture.  The  structure  of  the  castings  indicates  that 
there  is  room  for  considerable  improvement  in  their  thermal  treatment 

F.  C.  A.  H.  L. 

483.  Transformations  in  Alloys  of  Gold  and  Copper,  N.  Kurnakov,  S. 
Shemtschushni,  and  M.  Zasedatelev.  (Russian  Physico  Chem.  Soc., 
J.  47.  pp.  871-897, 1916.)-— That  alloys  of  copper  and  gold  represent  a  typical 
example  of  isomorphous  mixtures  of  two  metals  in  all  proportions  has  been 
shown  by  investigations  of  their  fusion  diagrams  [Abs.  1599  (1907)],  micro- 
structure,  electrical  conductivity,  hardness  [(Abs.  807  (1909)],  and  other 
properties.  The  original  measurements  of  the  hardness  {^oc.  cii)  were  made 
on  cast  specimens  by  means  of  the  sclerometer.  Later,  after  Brinell's  method 
had  been  found  to  yield  good  results  in  other  cases,  it  was  applied  to  Cu-Au 
allojTS.  The  preliminary  measurements  confirmed  the  existence  of  a  very 
distinct  maximum  of  hardness  (200  kg./mm.*)  at  about  50  at.  %  of  gold,  but 
yielded  a  diagram,  the  form  of  which  was  not  in  agreement  with  that 
required  by  theory  for  a  series  of  solid  solutions.  The  authors  have,  there- 
fore, carried  out  a  new  series  of  S3rstematic  investigations  of  the  cooling 
curves,  microstructures,  hardness,  and  electrical  conductivities  of  the  cooled 
and  tempered  alloys.  The  results  of  these  measurements,  which  are  given 
in  detail,  show  that  the  continuous  isomorphous  mixtures  of  copper  and 
gold,  or  the  a-solutions,  are  stable  only  at  temperatures  of  887'8^(50at.  % 
Au)  and  870*8^  (25  at  %  Au).  Below  these  transformation-points,  decom- 
position of  the  isomorphous  mixtures  occurs,  with  separation  of  the  definite 
compounds  CuAu  and  CusAu,  which  form  solid  solutions  with  excess  of 
their  components.  The  very  simple  forms  of  electrical  conductivity  and 
hardness  diagrams  previously  observed  correspond  with  a  continuous 
series  of  a-solid  solutions  of  Au  and  Cu,  the  decomposition  of  these  not 
being  noticed  during  the  cooling  of  the  fused  alloy.  The  transformation 
of  such  a  solution  with  separation  of  the  new  phases  requires  a  moderately 
long  time,  and  the  necessary  tempering  may  be  considerably  delayed. 
Closer  examination  of  the  influence  of  tempering  and  cooling  on  the  alloy 
containing  50  at.  %  Au  reveals  an  interesting  difference  in  properties 
between  the  a-solid  solution  and  the  auride,  CuAu,  which  is  the  product 
of  the  transformation  at  temperatures  below  870*8P.  The  a-solution  is  a 
comparatively  soft,  plastic  substance,  which  can  be  rolled  or  drawn  out 
into  wire,  whilst  the  compound,  CuAu,  exhibits  marked  hardness  and 
brittleness,  in  consequence  of  which  rolling  or  drawing  is  impossible^ 
Thus,  with  this  alloy  (60  at.  %  Au),  the  influence  of  tempering  and  cool- 
ing on  the  properties  of  the  solid  is  the  reverse  of  that  with  many  other' 
metals.  T.  H.  P. 

484.  Gold-Cadmium  Alloys.  P.  J.  Saldau.  (Russian  Physico-Chem.  Soc. 
}.  46.  pp.  994-1027, 1914.)— The  author  has  made  a  complete  investigation  of 
these  alloys  with  reference  to  the  electrical  conductivity  at  temperatures  up 
tQ  700°»  the  hardness,  the  peculiar  properties  of  the  eutectic  alloys,  the  tem- 
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peratures  of  cr3rstallisation  and  transformation,  the  e.m.f.,  and  the  micro- 
struoture.  The  results  of  the  measurements  are  expressed  in  the  form  of 
tables  and  curves,  and  a  number  of  photomicrographs  are  given.  A  special 
apparatus,  comprising  an  electric  furnace,  has  been  devised  for  conductivity 
measurements  on  the  solid  alloys  up  to  700^  and  would  be  applicable  to  the 
study  of  the  dissociation  of  solid  compounds,  etc. 

The  results  show  that  gold  and  cadmium  form  two  compounds,  AuCd 
and  AuCds,  giving  solid  solutions  with  their  components  within  the  limits 
46-59  at.  %  Cd  for  AuCd,  and  74-79  at.  %  Cd  for  AuCdj.  The  mono-auride, 
AuCd,  is  characterised  by  Dalton  points,  both  in  its  fusion  diagram  and  in  the 
isotherms  of  electrical  conductivity  and  hardness.  The  diagrams  of  electrical 
conductivity  and  hardness  for  phases  of  variable  composition,  including  the 
mono-auride,  correspond  perfectly  with  the  theoretical  diagrams  for  a  definite 
chemical  compound  giving  solid  solutions  with  its  components,  the  maximum 
of  conductivity  persisting  at  all  temperatures  from  25°  to  600^.  The  supposed 
compound,  Au4Cds,  described  by  Vogel,  has  no  real  existence,  its  composition 
merely  corresponding  with  the  limiting  solid  solution  of  the  mono-auride 
with  gold.  Gold  and  AuCd,  and  cadmium  and  AuCda,  form  solid  solutions 
containing,  respectively,  up  to  85  at.  %  of  Cd  and  2  at.  %  of  Au. 

Eutectic  alloys  of  Au  and  Cd  in  a  condition  of  equilibrium  differ  markedly 
in  their  properties  from  the  neighbouring  alloys,  exhibiting  relatively  great 
hardness  and  low  values  for  the  electrical  conductivity  and  its  temperature- 
coefiBcient  and  for  the  potential.  Consequently,  the  existing  schemes  for  the 
rectilinear  expression  of  these  properties  are  inapplicable  to  Au-Cd  alloys  in 
the  eutectic  region,  such  alloys  approximating  in  their  properties  to  solid 
solutions.  T.  H.  P. 

485.  Hardness  of  Copper-Zinc  Alloys.  D.  Meneghini.  (Ann.  Chim. 
Applicata,  8.  pp.  95-101, 1915.}— The  author's  measurements  were  made  by  a 
modification  of  Le  Gris'  method  (Rev.  de  Met  10.  p.  1068, 1918),  in  which  the 
hardness  is  calculated  from  the  diam.  of  the  imprint  made  on  the  specimen  by 
a  steel  ball  subjected  to  a  relatively  small  pressure. 

With  more  than  55  %  of  Zn  the  alloys  become  hard,  brittle,  and  difficult 
to  work,  and  with  78-88  %  of  Zn  they  are  porous,  and  remain  so  even  after 
re-fusion.  From  0  %  to  50  %  of  Zn  the  hardness  curve  is  much  flatter  and 
less  sinuous  than  was  found  by  Turner  and  Murray,  who  observed  also  great 
irregularity  in  the  region  of  about  90  %  of  Zn,  probably  owing  to  the  difficulty 
of  obtaining  perfect  equilibrium  in  the  solid  phase.  Indeed,  the  author  finds 
that  in  alloys  containing  20-80  %  of  Zn  appreciable  variation  in  the  hardness 
may  be  caused  by  imperfect  re-heating. 

Comparison  of  the  hardness  curve  with  that  of  electrical  conductivity, 
deduced  from  the  data  of  Haas,  Wet)er,  and  Matthiessen,  gives  a  further 
confirmation  of  Guertler's  rule,  according  to  which  increased  hardness  of  an 
alloy  corresponds  with  diminished  conductivity  [Abs.  1186  (1907)].  In  both 
the  hardness  and  conductivity  curves  a  change  in  direction  occurs  at  about 
86*5  %  of  Zn,  corresponding  with  the  first  appearance  of  the  y-constituent ; 
alloys  containing  0-86  %  of  Zn  consist  exclusively  of  homogeneous  o-solid 
solutions.  The  hardness  increases  very  considerably  as  the  proportion  of 
y-modification  becomes  greater,  and  at  about  60  %  of  Zn,  where  the  a-con* 
stituent  disappears  entirely  from  the  solid,  it  has  increased  almost  fourfold. 
With  the  presence  of  the  c-form  corresponds  the  zone  of  greatest  porosity, 
which  ceases  with  the  appearance  of  the  it-constituent  In  spite  of  the 
coincidence  of  the  maximal  hardness  with  the  composition,  CuiZni,  the  curve 
VOL,  XIX.— A. — 1916. 

Digitized  by  VjOOQ IC 


CHEMICAL  PHYSICS  AND  ELECTRO-CHEMISTRY.  177 

is  insufiBcient  to  prove  the  existence  of  definite  compounds,  but  it  confirms 
the  conclusion  that  40  %  of  Zn  is  the  maximum  permissible  in  alloys  to  be 
utilised  industrially.  T.  H,  P. 

486.  Recrysiallisaiion  of  Cold-worked  Alpha  Brass  on  Annealing,  C.  H. 
Mathewson  and  A.  Phillips.  (Am.  Inst.  Mining  Eng.,  Bull.  No.  109. pp.  1-50, 
Jan.,  1916.) — Contains  the  results  of  experiments  on  the  properties  and  micro- 
structure  of  commercial  rolled  brass  following  annealing.  The  early  effects  of 
annealing  upon  the  physical  properties  of  worked  brass  are  shown  by  testing 
70/80  brass  after  a  preliminary  reduction  of  40  %  by  rolling  and  also  after 
annealing  at  200°  C.  for  30  minutes.  The  results  show 'that  this  annealing 
causes  a  slight  increase  in  tensile  strength  from  76,768  lbs.  per  sq.  in.  to 
78,512  lbs.  with  a  corresponding  decrease  in  elongation  from  11*1  %  to  10*0  % 
and  an  increase  in  hardness  from  88'2  to  84*2  on  the  scleroscope  scale.  This 
change  in  properties  is  not  accompanied  by  any  microstructural  change 
which  can  be  detected,  and  shows  that  the  degree  of  internal  strains  may  be 
diminished  by  reheating  to  temperatures  t>elow  the  softening  of  the  metal. 
The  results  obtained  show  that  there  may  be  an  actual  increase  in  tensile 
strength  associated  with  the  partial  release  of  strains  in  rolled  shapes. 

The  time  required  at  different  annealing  temperatures  between  2i25^  and 
^^  to  produce  a  drop  of  8  points  in  scleroscope  hardness  was  determined . 
for  70/80  brass  which  had  received  40  %  reduction  by  rolling  after  a  dead-soft 
anneal.  The  results  showed  that  294  hours  were  required  at  225^  189  hours 
at  240°,  46  hours  at  255°,  6J  hours  at  275°,  2i  hours  at  800",  and  18  minutes 
only  at  825°  C.  At  875°  and  425°  the  loss  in  hardness  was  8^nOLP0>nts  on 
bringing  the  specimen  up  to  the  furnace  temperature,*'whfch  required 
5  minutes.  The  examination  of  a  large  number  of  specimens  showed  that 
any  positive  indication  of  softening  by  the  scleroscope  can  be  detected  in 
the  form  of  recrystallisation  under  the  microscope. 

The  effect  of  different  degrees  of  reduction  by  rolling  was  determined  on 
alpha  brass  containing  64  %  Cu.  Reductions  of  5  or  10  %  have  little  or  no 
effect  on  the  etching  properties ;  at  20  %  reduction  the  etching  properties 
begin  to  change  owing  to  the  development  of  a  secondary  structure  within 
the  grains  themselves.  At  80  %  reduction  the  direction  of  extension  in  cold- 
working  becomes  apparent,  the  grains  show  a  prevailing  direction  of  elonga- 
tion, and  lines  of  deformation  appear  at  about  a  right-angled  direction  to 
that  of  elongation.  These  deformation  lines  become  more  apparent  witl) 
still  greater  reductions. 

The  principal  relations  between  deformational  treatment  and  structural 
characteristics  after  anneal  are  considered.  There  is  for  each  metal  or  alloy 
a  minimum  temperature  at  which  recrystallisation  will  start  from  a  condition 
of  max.  resolution  into  fragments  of  minimum  size.  In  the  case  of  alpha 
brasses  whatever  the  extent  of  reduction  beyond  15  or  20  %,  annealing  at 
temperatures  above  550°  will  give  uniform  grain  characteristics.  A  consider- 
able amount  of  attention  is  given  to  the  structural  changes  developed  in  70/80 
cartridge  brass  by  uniform  anneal  at  temperatures  within  the  range  850°  to 
800°  after  reductions  of  2,  4,  8, 12, 15,  and  25  %  respectively,  these  reductions 
being  obtained  by  rolling  brass  of  max.  softness.  In  the  case  of  2  %  reduc- 
tion, no  evidence  of  recrystallisation  can  be  detected  within  this  range  of 
temperature.  After  4  %  reduction,  a  distinct  refining  resulted  from  the 
anneal  at  650° ;  after  8  and  12  %  refining  is  found  at  550° ;  after  15  %,  at  450° ; 
after  25  %,  at  850°;  and  after  40  %,  at  275°.  The  specimens  used  for  obtain- 
ing  these  results  were  also  used  for  determining  the  distribution  of  the 
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drop  in  hardness  as  a  result  of  the  anneal.  When  plotted  in  corves,  the 
results  show  that  there  19  a  maximum  on  each  curve,  which  shows  that 
particularly  active  recrystallisation  occurs  at  the  temperature  indicated. 
The  curves,  however,  representing  softening  after  the  higher  reductions 
of  60,  25,  and  Ifl  %,  and  after  the  minimum  reduction  of  2  %  show  sharp 
maximum  points,  while  the  curves  from  the  medium  reductions  of  12,  8,  and 
4  %  show  comparatively  flat  maxima,  representing  recrystallisation  over  a 
considerable  range  of  temperature. 

A  comparison  is  made  of  the  ordinary  physical  properties  and  grain-size  in 
samples  of  alpha  brass  after  a  80-minute  anneal  at  different  temperatures,  and 
a  series  of  curves  is  given  to  illustrate  this  in  the  case  of  a  brass  after  a 
80-minute  period  of  annealing.  The  curves  representing  percentage  elonga- 
tion-rise rapidly  in  the  temperature  region  which  corresponds  to  a  rapid  fall 
in  number  of  grains  present,  and  reach  maxima  in  the  region  which  corre- 
sponds to  the  most  gradual  changes  in  grain -size.  The  curve  representing 
reduction  of  area  shows  a  maximum  in  the  temperature  region  which  corre- 
sponds to  rapid  change  in  number  of  grains  present.  The  curves  repre- 
senting hardness  and  tensile  strength  bear  no  close  relation  to  the  number  of 
grains  present.  The  highest  combined  values  of  reduction  of  area  and 
elongation  are  obtained  in  the  brass  containing  66'56  %  Cu  by  annealing  at 
•C50*.  This  corresponds  to  8  grains  per  sq.  in.  at  a  magnification  of  85 
diameters.' 

The  paper  is  illustrated  by  60  photomicrographs  of  alpha  brass.    C.  O.  B. 

487.  Elecirkalfy'heated  Bomb  Furnace,  D.  F.  Calhane  and  H.  A. 
Lavene.  (Met.  and  Chem.  Eng.  14.  pp.  140-148,  Feb.  1,  1916.)— Calcula- 
tions for  the  design  and  construction  of  such  a  furnace  (for  canying  out 
certain  classes  of  chemical  reactions  in  sealed  glass  tubes)  are  given  in  full, 
with  illustrations.  L.  H.  W. 

488.  Isotopic  Elements.  II.  K.  Fajans.  III.  G.  v.  Hevesy  and  F. 
Paneth.  (Phys.  Zeits.  17.  pp.  1-4,  and  pp.  4-6,  Jan.  1, 1916.)— [See  Abs.  26» 
(1916).]  A.  B.  W. 

489.  Allotropic  Modification  of  Lead,  H.  Heller.  (Zeits.  Phys.  Chem.  89. 
pp.  761-762,  May  28, 1915.)— It  was  accidentally  observed  that  lead  strips,  left 
for  several  weeks  in  a  solution  of  lead  acetate  and  nitric  acid  after  electrolysis, 
had  turned  grey  and  brittle  and  could  easily  be  powdered  between  the  fingers. 
The  lead  had  been  pure,  containing  only  traces  of  iron.  Other  pure  lead 
placed  in  a  similar  solution  for  8  days  without  electrolysis  behaved  similarly. 
Lead  nitrate  and  even  chloride  also  transformed  lead  into  the  grey  modifica* 
Hon,  in  the  presence  of  nitric  acid,  though  very  slowly ;  in  the  absence  of 
lead  ions  a  modification  did  not  appear  to  take  place  ;  but  attempts  to  inocu- 
late pure  lead  with  the  grey  modification  failed.  The  observations  agree  with 
Cohen  and  Helderman.  H.  B. 

490.  Cold-working  of  Copper.  L.  Quillet.  (Rev.  de  Met,  12.  pp.  819-828, 
Sept.,  1915.)— The  study  of  the  relationship  of  hardness  to  tensile  strength  in 
the  case  of  copper-zinc  alloys  [Abs.  988  (1915)]  has  been  applied  to  copper. 
In  the  case  of  the  brasses  it  was  found  that  the  relation  of  the  tensile  strength 
to  the  ball  hardness  could  be  expressed  approximately  by  the  equation 
R  =s  0'60a,  and,  further,  it  was  shown  that  the  ball  hardness  is  an  excellent 
measure  of  the  degree  of  cold-working.    Preliminary  experiments  on  copper 
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showed  that  the  ball  hardness  of  copper  is  not  independent  of  the  diam.  of 
the  ball  oor  of  the  magnitude  of  the  load.  With  a  10-mm.  ball  the  apparent 
hardness  decreased  with  decrease  in  the  load,  while  with  a  6-mni.  baU  the 
hardness  increased  with  decrease  in  the  load.  Further,  it  was  found  that  the 
condition  of  the  surface  exerts  a  coasiderable  e£Fect  on  the  value  of  the  hard- 
ness obtained,  and,  particularly  with  soft  metals,  it  is  necessary  to  take  great 
.care  in  the  preparation  of  the  surface  prior  to  testing.  Rectangular  bars  of 
copper  8  X  10  mm.  in  section  were  placed  in  a  groove  8  mm.  wide  in  a  block 
of  steel,  and  the  height  of  different  bars  was  reduced  to  9,  8,  7,  6,  and  5  mm. 
by  hammering  a  hard  steel  bar  placed  in  the  groove  on  the  top  of  the  bars. 
Each  bar  was  then  submitted  to  tensile  tests,  ball-hardness  tests  with  a  10-mm. 
ball  under  a  load  of  600  kg.,  and  also  to  microscopic  examination.  The  results 
show  that  the  hardness  increases  rapidly  with  the  degree  of  cold-working,  but 
that  it  soon  approaches  a  max.  value.  Only  for  low  degrees  of  cold-working 
can  the  hardness  be  taken  as  a  measure  of  the  degree  of  deformation.  The 
microscope,  however,  provides  a  ready  means  of  determining  the  degree  of 
cold-working  except  for  very  great  deformations.  In  cold-worked  copper 
there  is  no  relationship  existing  between  the  tensile  strength  and  the  ball 
hardness,  for  the  ball  hardness  increases  at  a  much  greater  rate  than  the 
tensile  strength.  This  point  appears  to  be  a  general  rule  for  all  metals  and 
aUoys.  F.  C.  A.  H.  L. 

491.  Theory  of  Emulsification.  VIII.  W.  D.  Bancroft.  (J.  Phys.  Chem. 
20.  pp.  1-81,  Jan.,  1916.)— Consideration  of  the  work  of  Rayleigh,  Worthing- 
ton,  Schuster,  Campbell,  Newall,  Kaiser,  etc.,  leads  to  the  following  general 
results :— All  solids  exhibit  selective  adsorption  of  ^ases  and  vapours.  The 
film  of  condensed  gas  shows  itself  in  the  abnormal  mobility  of  very  fine 
powders,  in  a  resistance  to  the  passage  of  an  electric  spark  between  solid 
terminals,  and  in  the  fact  that  two  pieces  of  a  broken  object  will  not  reunite 
when  pressed  together.  All  liquids  also  show  selective  adsorption  of  gases 
and  vapours ;  the  film  of  condensed  gas,  which  reveals  its  presence  in  the- 
behaviour  of  fountains,  impinging  jets,  rolling  drops,  and  soap-bubbles, 
causes  errors  in  the  determination  of  molecular  weights  by  the  air-bubbling 
method.  The  adsorption  of  gas  on  the  surface  of  mercury  is  not  sufficient  to 
account  for  the  change  of  the  surface  tension  of  mercury  with  lapse  of  time. 

T.  H,  P. 

492.  Black  Phosphorus.  P.  W.  Bridgman.  (Am.  Chem.  Soc,  J.  88. 
pp.  609-612,  March,  1916.)— It  is  now  shown  that  black  phosphorus  [see 
Abs.  1745  (1914)]  is  stable  in  comparison  with  the  white  modification  at 
200°  under  pressures  above  4000  kg./cm.*  and  probably  also  at  lower 
pressures.  Violet  phosphorus  is  stable  compared  with  white  at  4000  kg./cm.* 
and  somewhat  below  200°,  and  is  stable  in  comparison  with  the  red  variety 
at  200°,  at  least  between  the  pressures  8000  and  12,000  kg./cm.*.  The  relative 
stability  of  violet  and  black  phosphorus  at  high  pressures  could  not  be 
determined,  since  the  transition  from  violet  to  black  could  not  be  realised, 
even  with  catalysts  effective  in  the  other  phosphorus  transitions.         T.  H.  P. 

493.  Influence  of  Current  Wave-form  on  the  Silent  Discharge  and  on  Ozone 
Formation.  G.  Lechner.  (Zeits.  Elekb-ochem.  21.  pp.  809-824,  July  1, 
1915.) — ^The  influence  of  the  wave-form  of  the  current,  first  studied  by 
Roka,  is  observed  by  the  method  of  K.  B.  Owens,  the  elecbodynamometer 
having  one  movable  and  two  fixed  coils.  The  curves  are  reproduced.  Two 
series  of  experiments  were  made,  with  dried  oxygen  from  cylinders,  and  with 
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an  air  current,  always  at  ordinary  temperature  and  atmospheric  pressure  and 
with  alternating  and  with  interrupted  direct  currents  of  the  same  periodicity, 
42  (\).  The  rule  of  Warburg  and  Leithauser,  that  the  yield  of  ozone  is  approxi- 
mately proportional  to  the  mean  current  strength,  is  confirmed.  Flat  current 
and  potential  waves  are  recommended,  since  they  give  higher  yields  per  watt- 
hour  and  a  higher  efficiency  factor.  It  is  pointed  out  that  alternating  currents 
undergo  a  partial  rectification  in  metallic  ozonisers.  H.  B. 

494.  Properties  of  Mixed  Liquids,  I.  Sulphuric  Acid-water  Mixtures. 
J.  L.  R.  Morgan  and  C.  E.  Davis.  (Am.  Chem.  Soc.,  ].  88.  pp.  656-568, 
March,  1016.) — Many  determinations  of  the  surface  tension  of  48  sulphuric 
acid-water  mixtures  have  been  made  at  various  temperatures  by  means  of  the 
drop- weight  method  and  the  constants  of  the  formula  7/= yo  -I-  «/  +  ^^  derived, 
so  that  the  surface  tension  and  specific  cohesion  may  be  calculated  for  any 
concentration  and  for  any  temperature  between  0°  and  50°.  The  surface 
tension  is  increased  by  addition  cither  of  sulphuric  acid  to  water  or  of  water 
to  sulphuric  acid ;  a  similar  increase  also  accompanies  addition  of  sulphur 
trioxide  to  sulphuric  acid.  The  results  appear  to  indicate  the  existence 
of  the  hydrate,  H»S04,HiO,  with  85  %  of  the  acid.  According  to  Denison 
[Abs.  818  (1918)],  the  max.  deviation  of  a  property  from  the  law  of  mixtures 
corresponds  with  the  formation  of  a  compound  between  the  components.  On 
this  basis  the  presence  of  the  following  hydrates  of  sulphuric  acid  in  aqueous 
solutions  of  the  acid  is  indicated :  by  the  density,  compressibility,  viscosity, 
and  refraction,  HjS04,HjO ;  by  the  refraction,  H,S04,2HiO  ;  by  surface 
tension,  HtS04,8HtO ;  Jby  conductivity  and  viscosity,  3H»S04,HiO ;  by 
conductivity  and  density,  HfS04,12H20;  and  by  viscosity,  4HiS04,HiO,  or 
6H,S04,H,0.  T.  H.  P. 

496.  Colloidal  Solid  Solutions,  D.  Mcintosh  and  R.  Edson.  (Am. 
Chem.  Soc.,  J.  88.  pp.  618-615,  March,  1916.)— " Colloidal  solid  solutions" 
have  been  prepared  by  plunging  a  copper  tube  containing  a  salt  solution  into 
a  refrigerant,  such  as  COi  and  ether.  The  tube  was  subsequently  removed 
and  plunged  for  an  instant  in  warmer  water,  the  frozen  block  being  then 
extracted,  placed  in  a  test  tube,  and  examined  at  a  suitable  temperature. 
This  frozen  material  is  more  opaque  and  softer  than  ice,  and  may  be  ground 
to  any  degree  of  fineness  in  a  cooled  mortar.  Under  the  microscope  it 
appears  perfectly  homogeneous  and  shows  no  evidence  of  the  formation 
of  ice  or  salt  crystals,  so  that  the  particles  may  be  colloidal  in  size ;  its 
composition  is  uniform.  Such  a  solid  conducts  slightly  at  low  temperatures, 
and  when  direct  current  is  used  the  electrodes  polarise  and  the  salt  is  decom- 
posed ;  the  resistance  is  very  high,  but  may  be  diminished  several  thousand- 
fold by  a  rise  of  80  deg.  in  temperature.  A  finely  powdered  solution  of  this  type 
gives  on  melting  the  exact  temperature  at  which  the  original  liquid  would  be 
in  equilibrium  with  pure  ice,  so  that  they  can  be  used  to  maintain  any  desired 
temperature,  for  instance,  in  a  Dewar  flask.  Measurements  at  various  tem- 
peratures of  the  thermal  conductivities  of  10  %,  20  %,  and  80  %  aqueous 
solutions  of  potassium  iodide  are  given,  the  results  showing  that  the  con- 
ductivity increases  most  rapidly  at  about  —21°,  which  is  the  cryohydric 
temperature;  it  seems,  therefore,  that  even  with  rapid  cooling  a  certain 
amount  of  segregation  takes  place.  T.  H.  P. 

496.  Theoty  of  Liquid  Potential-differences.    I.    K.    H.  A.   Melander. 
(Zeits.  Phys.  Chem.  90.  pp.  69-69,  June  15,  1916.)— Mathematical  proof  of  the 
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possibility  of  accurately  calculating  the  p.d.'s  between  two  incompletely 
dissociated  electrolytes  with  a  common  ion.  Experiments  are  to  follow, 
and  the  theory  is  then  further  to  be  developed.  In  many  calculations  com* 
plete  dissociation  had  been  presumed,  although  it  is  understood  that  the 
dissociation  is  incomplete,  and  that  the  non-dissociated  molecules  may 
influence  the  potential ;  reference  is  made  to  Negbaur  and  Nernst  The 
author  assumes  that  all  the  solutions  are  so  diluted  that  the  gas  laws  hold 
for  dissociated  and  non-dissociated  molecules ;  that  there  is  only  one 
electrolyte,  or  that  the  substances  are  binary  electrolytes  with  a  common  ion ; 
that  the  total  current  (not  the  partial  currents)  is  zero,  and  the  current  density 
zero  at  any  point ;  and  that  a  stationary  condition  is  established  in  the  transi- 
tion layer  between  the  two  surfaces  in  contact.  H.  B. 

497.  Structure  of  Electrolytic  Copper,  A.  Sieverts  and  W.  Wippel- 
mann.  (Zeits.  Anorg.  Chem.  91.  pp.  1-45,  Feb.  2, 1916.)— The  electrolyses 
were  conducted  in  a  glass  cell,  20  cm.  in  diam.,  10  cm.  deep,  provided 
with  an  anode  ring  (sewn  up  in  parchment  paper)  lying  horizontally  near 
the  bottom,  and  with  several  (mostly  4)  iron  rods  of  2  cm.*  as  kathodes  near 
the  surface ;  the  unexposed  kathode  surface  was  covered  with  varnish,  the 
exposed  surface  freslily  cleaned  with  emery,  for  each  experiment.  A  Witt 
stirrer  was  used.  Most  of  the  deposits,  up  to  0*8  mm.  in  thickness,  separated 
easily  from  the  kathode.  The  electrolyte,  acid  sulphate,  and  other  salts, 
was  used  with  and  without  colloids,  gum  arable,  glycerol,  egg  albumen. 
The  very  fine  crystalline  deposit,  or  acid  sulphate,  did  not  adhere  to  the  kathode, 
and  was  very  hard  on  that  side  (scleronjeter  test) ;  it  contained  V-shaped 
crystals  whose  size  diminished  with  increasing  current  density  up  to  a  limit, 
the  structure  then  becoming  irregular ;  this  limit  was  delayed  by  higher 
acidity  and  the  presence  of  colloids.  Neutral  sulphate  yielded  brittle 
copper  not  free  from  cuprous  oxide.  Acid  nitrate  gave  dendritic  growths. 
The  addition  of  colloids  generally  made  the  deposits  brittlfe  and  their 
presence  in  the  copper  could  quantitatively  be  proved  even  with  very  small 
amounts  of  colloids,  which  did  not  affect  the  microscopic  structure  ;  greater 
amounts  influenced  structure  and  potential.  The  presence  of  colloids 
frequently,  though  not  always,  was  marked  by  bronze  or  yellow  tints ;  large 
additions  of  colloids  produced  lamination.  Deposits  from  alkaline  electrolytes 
had  no  recognisable  structure  and  adhered  to  the  kathode.  H.  B. 

498.  Aiwdic  Solution  of  Lead.  N.  M.  Bell.  (Faraday  Soc.,  Trans.  11. 
pp.  79-90,  Oct.,  1915.) — By  electrolysing  solutions  of  lead  acetate,  sodium 
acetate,  potassium  hydrogen  tartrate,  hydrofluosilicic  acid,  potassium  bromide 
and  sodium  thiosulphate  at  various  current  densities,  it  is  shown  that  an 
anode  of  pure  lead  loses  in  general  more  lead  than  is  in  accordance  with 
Faraday's  law  for  divalent  ions.  By  using  a  blank  electrode,  that  is,  a  piece 
of  lead  of  the  same  size  as  the  anode,  but  not  connected  with  the  source  of 
current,  and  by  means  of  time  experiments,  it  is  shown,  however,  that  in  the 
case  of  solutions  of  lead  acetate,  potassium  hydrogen  tartrate,  hydrofluosilicic 
acid  and  potassium  bromide,  this  extra  loss  is  due  to  chemical  solution  and 
mechanical  detachment  in  cleaning,  and  not  to  lead  dissolving  as  mono- 
valent ions.  In  the  case  of  solutions  of  sodium  acetate  and  sodium  thio- 
sulphate, particularly  the  latter,  the  evidence  seems  to  show  that  some  of  the 
lead  dissolves  as  monovalent  ions  and  the  respective  percentages  of  Pb.-ions 
formed  are  calculated  to  be  2*8  and  5*6.  T.  S.  P. 
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499.  Sittgle  Potentials  in  ihc  Silver  Cyanide  Plating  Bath,  as  affected  by  its 
Composition  and  Concentration.  F.  C.  Frary  and  R.  E.  Porter.  (Am. 
Electrochem.  Soc.,  Trans.  28.  pp.  807-824,  1915.>-~The  single  potentials  of 
mercury,  silver,  copper,  brass,  and  iron  in  solutions  of  potassium  silver 
cyanide  with  various  proportions  of  potassium  cyanide  in  excess,  and  with 
tmd  without  potassium  chloride  and  hydroxide  in  amount  equivalent  to  the 
silver,  have  been  measured  and  compared ;  the  conductivities  of  the  solu* 
tions  were  also  determined.  The  values  for  iron  and  brass  are  somewhat 
uncertain  ;  with  the  former  metal  there  is  delay  in  attaining  equilibrium  and 
difi&culty  in  obtaining  a  reproducible  electrode,  whilst  with  brass  the  free 
zinc  has  an  effect  which  could  not  be  determined.  Some  determinations 
made  with  zinc  electrodes  show  that  this  metal  is  decidedly  negative  with 
respect  to  silver.  Copper  and  brass  are  only  slightly  negative  to  silver  in  the 
solutions  used,  and  their  behaviour  is  not  affected  by  the  presence  of  chloride 
or  hydroxide  in  the  proportions  studied.  Iron  and  mercury  are  definitely 
positive  to  silver  when  at  least  10  %  of  free  cyanide  is  present,  but  negative 
to  it  in  the  absence  of  free  cyanide.  Mercury  is  not  affected  by  the  presence 
of  chloride  or  hydroxide,  but  the  iron  is  made  about  1*0  volt  less  positive. 

It  is  probable  that  the  titration  of  potassium  cyanide  with  silver  nitrate 

gives  results  which  are  low  to  the  extent  of  about  8  %  of  the  C3ranide  present. 

,  Titration  with  mercuric  chloride,  in  ammoniacal  solution  and  using  potassium 

iodide  as  indicator,  appears  to  give  more  correct  results.    [See  Abs.  2016 

(1918).]  T.  S.  P. 

500.  Electrolysis  of  Glass.  A.  Speranski.  (Russian  Physico-Chem.  Soc, 
J.  47.  pp.  62-58, 1916.) — In  previous  work  on  the  electrolysis  of  glass,  mercury, 
or  its  sdloys,  or  fused  salts  have  been  employed  as  anode.  The  author  has 
replaced  these  by  concentrated  sulphuric  acid,  and  has  investigated  the 
•lectrol3rsis  of  the  following  kinds  of  glass :  Jena,  "  R,"  hard,  lead,  and  soda. 
Under  these  conditions  the  first  four  exhibit  behaviour  similar  to  that  observed 
by  Warburg  in  the  electrolysis  of  soda-glass  with  a  mercury  anode.  The 
soda-glass,  on  the  other  hand,  becomes  opaque,  and  its  electrical  conductivity 
at  first  falls  and  later  increases  rapidly  until  it  exceeds  the  initial  value. 

The  use  of  sulphuric  acid  as  kathodic  liquid  facilitates  the  investigation  of 
the  products  of  electrolysis  of  the  glass.  T.  H.  P. 

601.  Electrolytic  Deposition  of  Zinc  at  the  Surface  of  the  Solution,  A.  A. 
Titov  and  S.  M.  Levi.  (Russian  Physico-Chem.  Soc,  J.  46.  pp.  909-984, 
1914.) — ^The  authors  have  investigated  the  phenomenon  studied  by  Mylius  and 
Fromm  (1894)  and  by  Freundlich  and  Novikov  [Abs.  1176  (1910)],  according 
to  whom,  electrol3rsis  of  a  zinc  solution,  the  surface  of  which  is  covered  with 
oil,  leads  to  the  separation  of  a  superficial  film  of  the  metal.  It  is  found  that 
this  film-formation  occurs  on  electrolysis,  not  only  of  zinc  sulphate  solution, 
but  also  of  solutions  of  the  chloride  and  acetate,  provided  these  are  sufficiently 
acidified.  The  phenomenon  is  favoured  by  a  low  concentration  of  hydrogen 
ions,  but  increase  of  the  latter  results  eventually  in  hindrance,  or  even  pre- 
vention, of  the  growth  of  the  film.  The  formation  of  the  film  is  retarded  by 
the  appearance  of  spongy  Zn,  and  all  measures  taken  to  prevent  the  deposi- 
tion of  the  metal  in  this  form  are  advantageous.  The  best  films  are  obtained 
when  the  Zn  is  precipitated  in  a  bright,  finely  crystalline  condition,  a  coarsely 
crystalline  or  dark  deposit  opposing  the  formation  of  films.  The  latter  are 
obtained  within  wide  limits  of  variation  of  the  current  density  and  of  the  con- 
centration of  the  solution,  and  the  lower  the  concentration  the  lower  the  per- 
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missible  current  density.  With  constant  voltage,  the  current  density  remains 
more  or  less  constant  during  the  deposition  of  the  film  only  at  the  periphery 
of  the  latter,  and  diminishes  rapidly  at  the  lower  surface.  T.  H.  P. 

602.  Period  of  Induction  and  Passivity  of  Zinc,  M.  Centnerszwer  and 
J.  Drukker.  (Russian  Physico-Chem.  Soc,  J.  47.  pp.  489-409, 1915.)— The  fol- 
lowing further  results  have  been  obtained  [compare  Centnerszwer  and  Sachs, 
Chem.  Soc.  J.,  Abs.  p.  158, 1915].  Active  zinc  is  covered  with  a  layer  of  the 
spongy  metal,  which  is  formed  only  in  reactions  in  which  hydrogen  is  liberated. 
Removal  of  this  layer  results  in  a  new  induction  period,  the  passivity  t>eing 
then  greater  than  that  caused  by  polishing  with  fine  emery.  By  treatment 
with  10  N-sodium  hydroxide,  zinc  is  rendered  completely  active,  whereas 
a  distinct  induction  period  is  always  observed  with  zinc  activated  with  iodine 
solution.  Experiments  made  with  zinc  from  which  the  adherent  surface 
layer  of  air  has  been  removed  indicate  that  induction  is  not  conditioned 
by  imperfect  wetting  of  the  surface.  Zinc  is  rendered  passive  to  a  high 
degree  by  heating  in  a  vacuum  or  in  a  current  of  hydrogen,  and  this  passivity 
is  not  merely  superficial,  but  extends  into  the  depths  of  the  metal,  since  treat- 
ment with  emery  removes  it  only  partly,  and  not  to  the  same  extent  as  with 
zinc  not  previously  heated.  Amalgamated  zinc  exhibits  extraordinarily  high 
passivity,  and  is  not  dissolved  appreciably  by  N-hydrochloric  acid.  This 
result  is  noteworthy  on  account  of  the  fact  that  amalgamated  Al  dissolves 
appreciably  more  readily  than  the  untreated  metal,  and  even  decomposes 
pure  water. 

The  potential  of  polished  zinc  plates  increases  on  dissolution,  but  the 
increase  soon  reaches  a  limiting  value  of  about  0*02  volt.  In  every  case 
passive  zinc  is  found  to  be  more  noble  than  the  active  metal.  Passive 
zinc  is  activated  by  kathodic  polarisation,  and  active  zinc  is  rendered  passive 
by  anodic  polarisation,  in  spite  of  the  accompan3ang  dissolution  of  the  surface 
layer. 

These  results  confirm  the  analogy  between  the  passivity  of  zinc  and  that 
of  iron.  T.  H,  P. 

608.  Inclusions  in  Silver  Voltameter  Deposits,  Q.  W.  Vinal  and  W.  M. 
Bovard.  (Am.  Chem.  Soc,  J.  88.  pp.  496-516,  March,  1916.)— A  number  of 
silver  deposits  were  heated  to  temperatures  slightly  above  600°  C.  and  lost  in 
weight  (f004  %  on  the  average  for  pure  electrolytes  and  more  for  impure 
electrolytes.  These  results  indicate  inclusions  of  foreign  matter  in  the 
deposits.  The  most  accurate  value  for  the  electrochemical  equivalent  of 
silver  is  stated  to  be  111800  mgm.  per  coulomb,  and  the  value  of  the 
Faraday  is  given  as  96,494  absolute  coulombs.    [See  Abs.  98,  752  (1916).] 

F.  E.  S. 

604.  Electrolytic  Antimony  Refining,  A.  G.  Betts.  (Am.  Electrochem. 
Soc,  Trans.  28.  pp.  825-887  ;  Disc,  887-888, 1915.  Met.  and  Chem.  Eng.  18. 
pp.  848-851,  Nov.  16,  1915.)— The  author  has  investigated  the  electrolytic 
refining  of  antimony,  using  as  electrolyte  a  solution  containing  antimony  tri- 
fluoride,  potassium  fluoride,  and  hydrofluoric  acid  in  the  proportions  given  by 
the  formula  SbFi,  KF,  HF.  The  antimony  anodes  used  contained  76  to  88% 
of  Sb,  and  6  to  12%  of  As,  together  with  Hg,  Pb,  Cu,  and  Bi ;  the  kathodes 
were  of  copper.  It  was  found  that  there  was  no  difliculty  in  eliminating  the 
elements  other  than  As ;  that  the  electroljrte  did  not  become  contaminated 
with  impurities,  and  that  a  good  deposit  of  antimony  was  obtained,    How- 
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ever,  no  matter  how  the  conditions  of  experiment  were  varied,  arsenic  could 
not  be  eliminated  from  the  Sb  deposited  at  the  kathode.  Although  the 
results  were  unsatisfactory,  the  details  given  should  be  of  use  in  further 
research  on  the  same  subject.  T.  S.  P. 

606.  Anodic  Relations  of  Passive  Iron,  with  Notes  on  Polarisation  Potentials 
as  influenced  by  External  Gas  Pressures.  H.  Q.  Byers  and  S.  C.  Langdon. 
(Am.  Chem.  Soc,  J.  88.  pp.  862-874,  Feb.,  1916.)— In  previous  work  [see 
Abs.  1066  (1908),  142  (1915)]  it  has  been  established  that  anodic  passivity  in  iron 
is  influenced  by  seven  critical  factors,  one  of  these  being  the  concentration 
of  oxygen  dissolved  in  the  electrolyte.  The  influence  of  this  last  factor  has 
now  been  further  investigated  by  a  study  of  the  effect  of  oxygen  pressure  on 
the  potential  of  iron.  It  has  been  found  that  neither  mechanical  pressure 
nor  the  saturation  of  the  electrolyte  with  oxygen  or  hydrogen  produces  a 
pronounced  effect  on  the  e.m.f.  of  iron  when  immersed  in  0*2N-HjSO4. 
When  the  iron  electrode  is  held  in  the  passive  condition  by  a  small  current, 
the  application  of  oxygen  gas  under  pressure  to  the  surface  of  the  electrolyte 
causes  a  fall  in  the  polarisation  potential ;  with  the  release  of  the  pressure 
the  potential  again  rises,  but  not  as  high  as  it  was  when  the  pressure  was 
first  applied.  This  is  not  surprising  in  view  of  the  fact  that  for  an  anodically 
polarised  passive  iron  electrode  the  value  of  the  potential  gradually  decreases 
with  time.  This  change  of  potential  is  due  to  the  mechanical  pressure 
exerted,  since  it  is  independent  of  the  nature  of  the  gas,  hydrogen  giving 
the  same  results  as  oxygen.  It  was  therefore  probable  that  the  phenomenon 
is  not  characteristic  of  passive  iron  alone,  and  further  experiments  with  an 
iron  anode,  a  Pt  anode  and  kathode,  and  a  copper  anode,  have  shown  that  on 
the  application  of  gaseous  pressures,  anodes  and  kathodes  from  which  gas 
is  being  evolved  become  more  positive  and  more  negative.  This  result  can 
be  explained  by  Nernst's  equation  if  the  anode  is  considered  to  be  coated 
with  an  oxygen  film  or  charged  with  oxygen,  as  by  occlusion. 

Measurements  of  the  variations  of  polarising  current,  and  of  anodic 
potential  during  the  process  of  passivification  gave  curves  which  indicate 
that  passivification  is  a  two-process  operation.  The  first  process  consists  in 
the  formation  of  a  layer  of  insoluble  material,  as,  for  example,  ferrous  oxide  ; 
the  initial  formation  of  this  layer  corresponds  with  a  rapid  fall  in  potential. 
The  second  process  corresponds  with  the  establishment  of  a  film  of  oxygen 
gas,  which  finally  forms  a  complete  cover  over  the  electrode,  and  giv.es  a  final 
rapid  drop  in  potential.  The  transition  between  these  two  processes  is 
represented  by  a  slow  drop  in  potential.  The  curve  also  indicates  that 
activication  is  a  single  process,  or  at  best  practically  the  simultaneous 
removal  of  both  the  oxygen  and  oxide  coats. 

It  is  pointed  out  that  there  is  no  one  general  explanation  of  passivity,  but 
rather  that  in  each  case  the  loss  of  activity  is  dependent  upon  the  conditions. 
A  theoretical  explanation  is  given  for  the  conditions  studied,  the  explanation 
being  based  on  the  two  processes  named  above — namely,  the  formation  of  a 
layer  of  ferrous  oxide  and  a  film  of  oxygen  gas.  The  explanation  agrees  with 
the  fact  that  dissolved  oxygen  increases  the  speed  with  which  passivity  is 
established,  but  does  not  materially  affect  the  potential.  T.  S.  P. 
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606.  Electric  Counter  for  Rating  Free-swinging  Pendulum.  F.  W.  Ellis. 
(Science,  48.  pp.  854-856,  March  10,  1916.) — ^A  heavy  pendolum,  vibrating 
through  small  arcs,  and  unconnected  with  clockwork  or  escapement,  possesses 
several  advantages  for  recording  time  in  graphic  experiments.  Its  especial 
merit  is  that  its  consecutive  swings  are  so  perfectly  isochronous  that  it  can  be 
employed  for  testing  tuning-forks  and  other  vibrating  recorders.  The  chief 
obstacle  in  employing  a  free-swinging  pendulum  for  graphic  purposes  is  the 
difficulty  of  determining  its  rate.  The  methods  of  coincidence  devised  by 
physicists  necessitate  the  use  of  a  standard  clock,  and  are  somewhat  com- 
plicated. The  present  paper  describes  a  simple  electric  counter  for  recording 
the  exact  number  of  beats  in  the  period  tested.  It  utilises  for  this  purpose  a 
telegraphic  sounder  which  is  placed  in  circuit  and  is  periodically  opened  and 
closed  by  the  pendulum  that  is  being  tested.  For  testing  a  tuning-fork  the 
record  of  the  pendulum  and  the  graph  of  the  fork  are  taken  simultaneously, 
side  by  side,  on  smoked  paper  round  a  drum.  E.  H.  B. 

607.  Effect  of  General  Mechanical  Stress  on  the  Temperature  of  Transition 
of  Two  Phases,  with  a  Discussion  of  Plasticity.  P.  W.  Bridgman.  (Phys. 
Rev.  7.  pp.  215-228,  Feb.,  1916.)— This  note  is  to  present  a  thermodynamic 
formula  of  considerable  generality,  and  to  discuss  some  of  its  special  cases. 
The  need  for  such  a  formula  arose  in  connection  with  experiments  upon  the 
effect  of  ■  high  pressures  on  melting-points  and  polymorphic  transitions 
[see  Abs.  1474  (1915)],  and  the  problem  resolved  itself  into  finding  the  effect 
on  a  transition-  (or  melting-)  point,  of  unknowh  extra  stresses  not  hydrostatic 
in  nature.  The  problem  has  up  to  the  present  received  very  meagre  attention, 
and  the  formulae  given  by  }ames  Thomson  and  Gibbs  are  for  the  restricted 
case  <^  a  fluid  in  contact  with  an  isotropic  solid  under  elastic  stress.  The 
author  now  extends  these  formulas  to  the  most  general  crystalline  solid  with 
its  28  constants,  comprising  21  elastic  constants,  6  thermal  expansion 
constants,  and  one  specific  heat.  By  a  double  application  of  the  formula 
the  still  more  general  case  may  be  treated  of  two  phases  initially  in 
equilibrium  under  any  stress  system  not  hydrostatic.    It  is  found  that  given 
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a  crystal  under  a  specified  state  of  internal  stress,  and  with  specified  stresses 
across  the  surface  of  separation  from  another  phase,  then  the  shift  of  the 
transition-point  is  entirely  determined  by  these  elements  alone  (to  quantities 
of  the  order  concerned),  and  does  not  involve  at  all  the  orientation  of  the 
surface  with  respect  to  any  of  the  elements  of  symmetry  of  the  crystal.  This 
result  is  important  as  affecting  the  uniqueness  of  transition-  or  melting-points 
determined  experimentally.  The  fact  that  the  melting-point  of  a  solid  at  a 
free  surface  is  always  depressed  by  any  stress  system  whatever,  is  suggestive 
and  of  considerable  importance,  and  offers  the  .possibility  of  a  revised  theory 
of  plasticity.  This  latter  receives  considerable  attention  and  becomes  stated 
as  follows  :  A  solid  subjected  to  any  stress  system  whatever,  either  tension, 
compression,  or  shear,  experienoes  a  depression  of  the  melting-point  at  the 
unstressed  surface  (or  at  a  surface  stressed  by  less  than  the  average  amount) 
and  melting  will  take  place  at  that  surface  if  the  stress  is  high  enough.  This 
statement  is  free  from  all  hypothesis  as  to  the  nature  of  the  contact  between 
the  surfaces  of  the  grains.  Under  some  conditions  plastic  flow  is  produced 
by  an  actual  local  melting,  followed  by  regelation  with  equalisation  of 
pressure  on  all  the  grains.  This  local  melting  takes  place  when  any  grain 
is  subjected  to  more  than  its  share  of  the  stress,  and  so  is  subjected  to  a  stress 
not  hydrostatic.  The  author  next  proceeds  to  inquire  of  how  wide  appli- 
cation this  contributory  agent  in  plasticity  is,  but  concludes  that  it  does  not 
seem  to  be  largely  e£Eective  in  the  majority  of  the  cases  in  practice.  For 
some  substances  an  analogous  effect,  due  to  displacement  of  polymorphic 
transition-points,  is  of  more  importance.  H.  H.  Ho. 

608.  Einstein's  Theory  of  Gravitation  and  General  Relativity.  M.  Bom, 
(Phys.  Zeits.  17.  pp.  51-69,  Feb.  15,.  1916.) — A  general  discussion  of  Einstein's 
theory.  It  is  considered  as  not  impossible  that  it  may  be  found  that  not  the 
motions  of  the  heavenly  bodies  only,  but  also  the  actions  taking  place  in  the 
electron^  atom  and  molecule,  are  subject,  down  to  their  ultimate  foundation, 
to  Einstein's  laws.  Ln  H.  W. 

509.  Strength  of  the  Thin-plate  Beam,  held  at  its  Ends  and  subject  to  a 
uniformly  Distributed  Load.  B.  C.  Laws.  (Phil.  Mag.  81.  pp.  848-857, 
April,  1916.)— Mathematical  treatment 

510.  Trajectory  of  Projectiles  shot  off  with  a  large  Initial  Velocity  at  Angles 
in  the  vicinity  of  45^  M.  de  Sparre.  (Comptes  Rendus,  162.  pp.  8S-^, 
Jan.  8, 1916.)— This  paper  is  an  extension  of  a  previous  investigation  on  the 
above  subject  [Abs.  806  (1915)],  and  deals  with  certain  corrections  to  be 
applied.  The  method  has  been  employed  for  calculating  the  trajectory  of 
the  huge  German  gun  which  shelled  Dunkirk  recently.  Tables  are  given 
and  results  calculated  both  for  diminution  in  air  density  and  also  when  this 
is  assumed  to  be  constant.  H.  H.  Ho. 

511.  Diagram  to  Facilitate  the  Study  of  External  Ballistics.  W.  £.  Dalby. 
(Roy.  Soc.,  Proc.  92.  pp.  829-^7,  April  1,  1916.)— This  paper  describes  a 
semi-graphical  method  for  the  investigation  of  the  motion  of  a  projectile,  or 
in  genera]  the  motion  in  a  resisting  medium  where  the  resistance  is  gjven  as 
a  function  of  the  velocity  which  cannot  be  expressed  by  any  simple  algebraic 
form.  The  solution  curves  are  derived  by  simple  graphical  processes  from 
a  primitive  curve  which  represents  the  results  of  numerous  experiments, 
reduced  to  give  the  resistance  of  a  standard  projectile,  fired  under  standard 
conditions,  as  a  function  of  the  velocity.    This  latter  curve  is  reproduced  in 
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the  paper,  reduced  and  slightly  less  than  half  size.  From  the  educational 
standpoint  the  method  has  the  advantage  that  the  essential  scientific  prtn^ 
cipl^s  relating  to  the  motion  of  a  projectile  can  be  tavght  rapidly,  and 
without  reference  to  the  laborious  methods  of  analysis  by  means  of  which 
the  ballistic  tables  are  derived  from  the  experimental  data.  Numerous 
examples  with  diagrammatic  illustrations  are  givefa.  H.  H.  Ho. 

612.  Discontinuous  Fluid  Mo/ion  past  a  Curved  Bbnndaty,  H.  Levy. 
(Roy.  Soc,  Proc.  92.  pp.  286-804,  March  1,  1916.)— Although  many  writers 
have  dealt  with  this  problem,  no  simple  method  has  yet  been  evolved  as  in 
the  corresponding  case  of  a  plane  barrier.  In  aeronautics  recent  developments 
have  shown  the  practical  necessity  for  an  effective  discussion  of  the  case 
where  the  plane  is  cambered,  and  so  the  present  author  attempts  to  show 
how  two-dimensional  problems  of  the  motion  of  a  curved  surface  through  a 
fluid,  or  the  efflux  of  fluid  through  an  orifice  in  a  vessel  of  any  shape,  may  be 
solved ;  how  to  find  the  form  of  the  free  stream-line ;  and  how  the  com- 
ponents of  resistance  may  be  calculated  from  the  solution  obtained.  To  do 
this  it  is  assumed  that  the  fluid  is  of  vanishingly  small  viscosity ;  that  the 
motion  is  two-dimensional  ^nd  steady ;  and  that  thesurface  in  its  motion  gives 
rise  to  a  free  stream-line,  along  which  the  pressure,  and  therefore  the  velocity, 
is  constant,  extraneous  forces  such  as  gravity  being  neglected.  The  method 
employed  is  based  upon  that  in  which  the  surfaces  are  planes  and  where 
solution  is  obtained  by  a  series  of  conformal  transformations.     H.  H.  Ho. 

513.  Waves  due  to  a  Travelling  Disturbance,  with  an  Application  to  Waves 
in  Superposed  Fluids,  H.  Lamb.  (Phil.  Mag.  81.  pp.  886-898,  April,  1916.)^ 
The  paper  commences  with  a  mathematical  investigation  of  the  wave  system 
due  to  a  travelling  disturbance.  The  ca8e»  of  gravity  waves  on  water  and 
capillary  waves  are  quoted  as  illustrations.  An  application  to  waves  in  super- 
posed fluids  is  made,  and  the  bearing  on  the  phenomenon  of  "  dead-water  " 
considered.  The  latter  is  observed  in  Norwegian  fiords  and  other  similar 
localities,  where  the  sea  is  covered  by  a  stratum  of  fresh  water  brought  down 
by  rivers,  and  consists  in  an  abnormal  resistance  experienced  by  slowly 
sailing  vessels,  which  disappears  if  the  speed  can  be  raised  above  a  certain 
Hmit.  H.  H.  Ho. 

514.  Ripple  Wave-motion.  F.  R.  Watson  and  W.  A.  Shewhart. 
(Phys.  Rev.  7.  pp.  226-228,  Feb.,  1916.)— This  paper  describes  the  develop- 
ment of  a  method  by  which  ripples  may  be  generated  not  only  in  steady 
patterns  but  also  in  patterns  in  which  the  waves  apparently  move  very  slowly. 
This  allows  of  a  leisurely  examination  of  the  various  phenomena.  The 
method  also  allows  the  convenient  exhibition  of  the  waves  to  a  lecture 
audience. 

Ripples  are  generated  by  puffs  of  air  blown  against  the  water  surface  in  a 
glass-bottomed  tank.  The  puffs  are  secured  by  cutting  a  tube  conveying 
compressed  air  and  inserting  in  the  gap  a  disc  with  a  circular  row  of  equally 
spaced  holes.  When  the  disc  is  rotated,  the  current  of  air  is  periodically 
interrupted.  The  waves  are  made  visible  by  the  stroboscopic  method.  Light 
from  an  arc  lamp  is  focused  on  the  row  of  holes  in  the  rotating  disc,  thus 
giving  flashes  isoperiodic  with  the  puffs  of  air.  By  reflecting  the  light 
upward  through  the  glass  tank,  a  steady  pattern  of  ripples  is  revealed.  By 
using  a  second  row  of  holes,  which  were  less  in  number  than  those  in  the 
row  already  described,  the  flashes  of  light  could  be  made  to  come  a  little 
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slower  than  the  puffs  of  air  ;  the  result  being  that  the  waves  apparently  move 
forward  slowly.  A  set  of  six  photographic  reproductions  of  the  ripples  is 
given  in  the  paper.  E.  H.  B. 

516.  Theory  and  Experiments  relating  to  the  Establishment  of  Turbulent  Flow 
in  Pipes  and  Channels,  L.  V.  King.  (Phil.  Mag.  81.  pp.  822-888,  April, 
1916.)-— The  paper  is  divided  into  two  parts.  The  first  part  deals  in  four 
seqtions  with  the  mathematical  theory  of  viscosity  and  its  experimental 
verification.  Section  I  contains  an  historical  survey  of  the  theoretical 
development  of  the  subject,  and,  as  the  experimental  justification  of  the 
accuracy  with  which  the  fundamental  hypothesis  is  able  to  give  an  interpre- 
tation of  reality  rests  on  the  comparison  of  a  small  number  of  simple  experi- 
mental conditions  of  viscous  flow  with  the  theoretical  solutions,  some  of  the 
latter  are  considered  in  the  next  three  sections.  Section  II  deals  with  steady 
motion  between  parallel  planes,  and  here  the  linear  hot-wire  anemometer 
was  used  for  a  detailed  experimental  study  of  gaseous  viscosity,  involving  not 
only  the  variation  of  the  total  flow  with  pressure-gradient,  lengths  and 
breadths  of  channels,  etc.,  but  an  actual  examination  of  the  gradients  of 
velocities  themselves.  Section  III  treats  the  case  of  steady  motion  in  a  pipe 
of  circular  cross-section.  Section  IV  considers  shearing  motion  between 
parallel  planes. 

Part  II  deals  in  two  sections  with  the  stability  of  laminar  flow  in  pipes 
and  channels.  The  first  section  gives  at  some  length  an  historical  and  critical 
survey  of  the  theoretical  development,  following  which  comes  a  discussion  of 
experimental  results  on  the  flow  of  viscous  fluids.  The  paper  concludes  with 
a  table  of  theoretical  and  experimental  values  of  Reynolds'  constant  relating 
to  the  flow  of  fluids  in  channels  and  pipes  :  K  =  DUp//i,  where  D  is  the  diam. 
of  the  tube,  U  the  mean  velocity  of  the  fluid,  p  its  density,  and  n  its  coefficient 
of  viscosity.  H.  H.  Ho. 

516,  Viscosity  of  Liquefied  Gases.  III.  Aperiodic  Rotational  Motion  of  a 
Sphere  in  a  Viscous  Liquid.  J.  £.  Verschaffelt.  (K.  Akad.  Amsterdam, 
Proc.  la  6.  pp.  1088-1045,  1916.)— In  the  author's  previous  work  on  the 
rotational  motion  of  a  sphere  in  a  viscous  liquid  [Abs.  151, 152  (X916)]  the 
motion  was  supposed  to  be  aperiodic.  It  is  now  shown,  both  analytically 
and  also  practically  by  an  experiment  with  glycerine,  that  when  the  liquid 
has  an  outside  boundary  the  motion  may  be  aperiodic.  A  solution  is  derived 
for  this  case.  T.  H.  P. 

517.  Plastic  Flow  of  Clay-Water  Suspensions.  E.  C.  Bingham.  (Wash- 
ington Acad.  Sci.,  J.  6.  pp.  177-179,  April  4,  1916.)— Suspensions  of  clay  in 
water  of  concentrations  above  the  point  at  which  the  flow  ceases  to  be 
viscous  and  becomes  plastic  (i.e.  requiring  a  shearing  force  of  a  definite  mag- 
nitude to  produce  a  permanent  deformation)  were  forced  under  known 
pressures  through  capillaries  of  different  dimensions.  It  is  found  that  the 
volume  of  flow  can  be  represented  by  the  formula  v  =  *(P  — /),  where  P  is  the 
pressure  employed  and  /  is  the  "  friction/'  i.e.  the  force  required  to  start 
the  flow.  If  (P  — /)  be  put  in  place  of  P  in  the  ordinary  Poiseuille  formula 
for  calculating  the  fluidity,  this  gives  a  means  for  calculating  the  "  mobility" 
of  plastic  substances,  analogous  to  the  fluidity  of  viscous  substances.  The 
friction  increases  as  a  linear  function  of  the  concentration  of  solid  present. 
It  is  independent  of  the  length  and  diam.  of  the  capillary  and  of  the  viscosity 
of  the  medium,  but  is  affected  by  the  presence  of  alkalies  or  acids  in  the 
medium.    The  mobility  decreases  rapidly  as  the  concentration  of  the  solid  is 
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increased,  and  is  enormously  sensitive  to  the  presence  of  alkalies  or  acids,  the 
mobility  oi  a  neutral  clay  suspension  being  increased  880  %  by  the  addition 
of  0-1  %  of  K,CO,.  J.  W.  T.  W. 

518.  Brownian  Molecular  Movement  under  the  Action  of  External  Forces 
and  its  Connection  with  the  generalised  Diffusion  Equation.  M.  v.  Smolu- 
chowski.  (Ann.  d.  Physik,  48.  8.  pp.  1108-H12,  Feb.  1,  1916.)— In  the 
present  paper  the  problem  of  a  certain  generalisation  of  the  formula  for  the 
Brownian  molecular  movement  has  been  treated,  the  author  having  already 
dealt  with  a  number  of  special  cases  in  a  previous  investigation  [see  Acad. 
Cracovie,  BuD.,  p.  418,  1918].  Whereas  the  theory  already  developed  by 
Einstein,  Langevin,  and  the  author,  only  deals  with  the  simplest  cases  of  the 
Brownian  movement,  in  which  a  particle  is  assumed  to  be  subject  to  the 
irregular  molecular  impact  of  its  surroundings  but  otherwise  uninfluenced  by 
external  forces,  the  author  now  considers  how  the  respective  laws  change  for 
cases  where  the  particles  are  acted  upon  by  given  external  forces.  The 
problem  is  of  outstanding  theoretical  interest,  in  that  the  gradual  transition 
from  the  stage  of  uncontrolled  Brownian  movement  to  that  of  macroscopic 
physics  where  irreversibility  rules,  follows  with  mathematical  exactness.  It 
also  offers  opportunity  for  direct  experimental  application,  and  this  is  pointed 
out  in  the  paper.  H.  H.  Ho. 

519.  Liapounoffs  Formula  for  Rotating  Liquids.  P.Humbert.  (Comptes 
Rendus,  162.  pp.  41-48,  Jan.  8,  1916.)— A  simplification  is  suggested  of  the 
formula  given  by  Liapounoff  for  the  analysis  of  figures  of  equilibrium  of  a 
liquid  mass  in  rotation.  C  P.  B. 

520.  Constitution  of  Uie  Surface  Layers  of  Liquids.  S.  A.  Shorter.  (Phil. 
Mag.  81.  pp.  260-276,  April,  1916.)— A  mathematical  paper  in  which  the 
author  seeks  to  develop  the  thermodynamical  theory  of  the  subject  in  an  ele- 
mentary  manner.  The  formula  obtained  by  the  author  is  applied  to  various 
cases,  namely:  the  interface  between  the  immiscible  liquids,  two  partially 
miscible  liquids,  liquid  phase  in  contact  with  vapour  phase  (both  components 
being  volatile),  and  liquid  phase  in  contact  with  vapour  phase  (only  one  com- 
ponent volatile).  The  assumption  sometimes  made  that  the  surface-layers  of 
a  liquid  are  in  a  state  of  compression  is  not  found  to  be  justified  by  the 
author.  A.  F. 

521.  Relation  between  Surface  Tension  and  other  Quantities,  M.  Kata- 
yama.  (Tohoku  Univ.,  Sci.  Reports,  4.  6.  pp.  878-891,  1916.)— In  place  of 
the  density  of  the  liquid,  the  author  introduces  into  the  Eotvos  equation  the 
difference  between  the  densities  of  the  liquid  and  the  vapour,  thus  obtaining 
the  expression,  r[M/(D/  —  D^)]a'3  —  ^(Ta  —  T).  This  equation  does  not  con- 
tradict the  theory  of  corresponding  states  and  agrees  with  the  experimental 
results  for  benzene,  chlorobenzene,  carbon  tetrachloride,  ether,  ethyl  acetate, 
and  acetic  acid  ;  even  at  temperatures  near  the  critical  point,  the  mean  value 
of  a  is  2'04.  When  the  liquid  under  consideration  is  associated,  the  tempera- 
ture coefficient  of  its  molecular  surface  energy  may  be  greater  or  less  than 
the  normal  value  of  the  constant  a,  so  that  the  degree  of  association  cannot 
be  determined  in  this  way.  Van  der  Waals'  equation  connecting  the  surface 
tension  and  temperature,  together  with  the  above  modification  of  the  Eotvos 
equation  leads  to  the  expression,  D;—D^=  8*08(1  —  e)0«5i .  D^  and  the 
Eotvds  constant,  a,  and  that  of  van  der  Waals,  Ki,  are  connected  thus 
(K/a)^^^     Further,   the   following   relation   between  the   temperature 
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coefficient  of  surface  tension  and  temperature  Centigrade  is  obtained  : 
l/y»i.<<y/(fr=B(l  — ///a)B-i,  B  having  the  value  1*284;  this  expression  is 
approximately  the  same  as  that  of  Walden  for  ordinary  temperatures.  Total 
surface  energy  and  molecular  total  surface  energy  are  calculated  from  the 
equation  of  vander  Waals,and  the  following  simple  relation  between  the  total 
surface  energy  and  the  free  surface  energy  found  :  ujy  =s  (1  -f  0-284d)/(l  —  9), 
this  equation  being  confirmed  experimentally.  T.  H.  P. 

522.  Tropical  Hurricane  of  September  29,  1916,  in  Louisiana.  I.  M. 
Ciine.  (Monthly  Weather  Rev.  48.  pp.  466-466,  Sept.,  1915.)— A  detailed 
account  of  the  meteorological  conditions  accompanying  a  hurricane  which 
moved  northwards  over  south-eastern  Louisiana.  A  good  network  of 
observing  stations  exists  in  the  neighbourhood,  so  that  details  of  the 
storm  can  be  determined  with  more  accuracy  than  is  usual  in  such  cases. 
At  New  Orleans,  which  lay  about  8  miles  east  of  the  track  of  the  centre  of 
the  hurricane,  the  barometer  fell  rapidly  from  29'64  in.  at  7  a.m.  on  the 
morning  of  Sept.  29  to  28*11  in.  at  5.50  p.m.,  a  fall  of  1*48  in.  in  just  under 
11  hours.  Between  8.10  p.m.  and  5.50  p.m.  the  fall  was  0*90  in.  The 
reading  of  28*11  in.  given  above  was  probably  not  far  from  the  minimum 
pressure  at  the  centre  of  the  storm.  At  the  same  station  the  max.  wind 
velocity  over  a  five  minutes'  interval  was  86  miles/hr.  from  the  SE.,  while 
60  miles/hr.  was  exceeded  for  2  hours.  Over  a  period  of  80  sees,  an  extreme 
of  180  miles/hr.  was  recorded.  Higher  winds  were  measured  at  Burrwood, 
100  miles  south  of  New  Orleans,  where  a  5-minute  mean  of  124  and  an 
extreme  of  140  miles/hr.  were  recorded.  The  total  precipitation  along  the 
centre  track  of  the  hurricane  was  over  8  in.  This  almost  all  fell  before  the 
arrival  of  the  centre.  Heavier  falls  were  experienced  to  the  east  than  to 
the  west  of  the  track.  The  hurricane  was  unusual  in  that  little  lightning 
accompanied  its  passage.  The  diameter  of  the  comparatively  calm  area  at 
the  centre  was  about  8  miles,  while  the  outside  diam.  (marked  by  the  29'5-in. 
isobar)  might  be  placed  at  between  250  and  800  miles.  The  rate  of  travel 
was  about  12  miles/hr.  Notification  of  the  presence  of  the  storm  in  the 
eastern  part  of  the  Caribbean  Sea  was  first  issued  on  Sept.  28,  and  later 
eflFective  warnings  were  sent  out;  by  this  means  much  loss  of  life  was 
undoubtedly  avoided.  J.  S.  Di. 

623.  Distribution  of  Moisture  in  the  Atmosphere.  W.  R.  Blair.  (Monthly 
Weather  Rev.  48.  pp.  812-818,  July,  1915.)— The  absolute  amount  of  water- 
vapour  in  the  upper  layers  of  the  atmosphere  is  small,  but  the  ratio 
of  the  weight  of  water-vapour  to  dry  air  may  be  as  great  at  20  km.  and 
above  as  it  is  near  the  surface.  In  consequence  of  the  importance  of  the 
relative  water-vapour  content  at  high  levels  in  the  consideration  of  the  trans- 
mission of  radiation  to  and  from  the  earth,  and  of  its  influence  on  atmospheric 
temperatures,  it  becomes  necessary  to  measure  the  amount  of  water-vapour 
present  at  all  altitudes.  A  table  is  given  showing  from  observations  made 
both  in  summer  and  winter  that  the  ratio  between  the  weight  of  water- 
vapour  to  weight  of  dry  air  has  a  minimum  value  at  10  to  15  km.,  and  that 
above  that  level  the  ratio  may  become  greater  than  at  any  lower  level.  The 
author  considers  that  this  fact  tends  to  disprove  the  supposition  that  mixing 
between  the  troposphere  and  the  stratosphere  takes  place  by  diffusion  only. 

RC. 

524.  Rain-gauge  Exposures.    W.  G.  Reed.    (Monthly  Weather  Rev.  7. 
pp.  ai8-623,  July,  1915.)— This  is  a  study  of  the  rainfall  over  the  watershed  of 
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Strawberry  Creek,  about  one  square  mile  in  area.  The  results  obtained  are 
conflicting,  and  the  main  generalisation  adduced  is  that  some  kind  of  shield- 
ing ol  the  gauge  is  highly  desirable,  at  least  in  wind-swept  regions,  if  accurate 
results  are  to  be  obtained.  R.  C. 

626.  Circulation  and  Temperature  of  the  Atmosphere.  W.  H.  Dines. 
(Monthly  Weather  Rev.  48.  pp.  661-556,  Nov.,  1916.)— The  general  circulation 
of  the  atmosphere,  in  spite  of  the  recent  progress  of  meteorological  science, 
remains  a  puzzle.  The  circulation  is  no  doubt  due  to  the  effects  of  unequal 
cooling  and  heating  of  the  earth's  surface.  The  main  facts  to  be  explained 
are  the  trade-winds,  the  high-pressure  belts  to  the  poleward  of  the  trades,  the 
strong  westerly  winds  of  temperate  latitudes,  and  the  low  pressures  to  the 
poleward  of  these  winds.  The  effect  of  the  earth's  rotation  is  known  to  turn 
a  wind  current  to  the  right  in  the  Northern  Hemisphere,  to  the  left  in  the 
Southern,  so  that  winds  usually  blow  more  nearly  along  the  isobars  than  down 
the  barometric  gradient.  At  a  height  of  about  1600  ft,  where  the  effect  of 
ground  friction  is  insensible,  the  air  is  found  to  blow  very  accurately  along 
the  isobars. 

The  cause  of  the  trade-winds  which  is  usually  put  forward  seems  sound 
enough,  but  when  the  same  reasoning  is  applied  to  temperate  latitudes  it 
fails  utterly  to  account  for  the  westerly  winds  there.  The  reasoning  is  the 
following : — Heated  air  rises  above  equatorial  regions,  and  cooler  air  passes 
from  north  and  south  along  the  ground  to  take  its  place.  The  effect  of  the 
earth's  rotation  is  to  deflect  these  north  and  south  winds  into  theNE.andSE. 
trade-winds.  The  same  reasoning  would,  however,  apply  with  stronger  force 
to  temperate  latitudes,  and  would  explain  NE.  and  SE.  winds  in  those  lati- 
tudes and  not  the  westerly  winds  prevalent  there.  These  strong  west  winds 
of  temperate  latitudes  follow,  however,  from  an  application  to  the  atmosphere 
of  the  principle  of  angular  momentum  about  the  earth's  axis.  According 
to  this  principle  feeble  NE.  and  SE.  trade- winds  and  strong  west  winds 
in  temperate  latitudes  form  a  possible  wind-system,  but  so  would  westerly 
trade-winds  and  easterly  winds  in  higher  latitudes,  and  there  seems  no  par- 
ticular reason  why  the  second  system  should  not  form  a  possible  arrange- 
ment. Indeed  it  would  explain  the  glaciation  of  Europe,  but  not  of  North 
America. 

The  permanent  systems  of  high  pressure  are  usually  explained  by  the 
effect  of  colder  and  therefore  denser  air  above  them  in  comparison  with  the 
air  in  the  neighbourhood.  But  this  explanation  breaks  down  in  the  case  of 
the  Azores  high-pressure  system.  Moreover,  measurements  of  temperature 
in  the  upper  air  show  that  above  a  travelling  cyclone  the  air  is  colder  than  it 
is  above  a  travelling  anticyclone. 

Temperature  in  the  upper  air  is  controlled  chiefly  by  pressure,  the 
relation  being  nearly  adiabatic.  In  Europe  the  temperature  of  the  air 
column,  except  near  the  ground,  follows  very  closely  the  variation  of  pressure 
at  8  or  9  km.  above  the  ground.  R.  C. 

686.  Ground  Rainbows,  A.  E.  Heath.  (Nature,  97.  pp.  &-6,  March  3, 
1916.) — Describes  a  coloured  bow  similar  to  a  rainbow  of  about  the  intensity 
of  a  good  secondary  rainbow,  which  was  seen  on  the  ground  of  a  cricket-field 
at  about  11  a.m.  on  Oct  14,  1915.  The  sun  was  immediately  behind  the 
observer,  and  the  bow  appeared  on  the  ground  starting  from  just  in  front  of 
the  obsenrcr's  feet  and  stretching  on  either  side  in  a  sweeping  curve  away 
Irom  the  sun.    The  bow  is  explained  as  being  due  to  sunlight  refracted  twice 
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at  the  near  surfaces  and  reflected  once  at  the  back  surfaces  of  drops  of  water 
that  had  condensed  on  gossamer  which  covered  the  field.  On  this  theory 
the  angle  between  the  directions  of  the  incident  and  emergent  rays  is  42^°, 
and  the  bow  is  the  section  by  the  grotmd  of  the  cone  of  which  the  semi- 
vertical  angle  is  42^^,  and  the  axis  is  the  line  joining  the  observer's  eye  to  the 
sun.  The  bow  will  therefore  be  a  circle,  an  ellipse,  a  parabola,  or  a  hyperbola 
according  as  the  sun  is  in  the  zenith,  at  an  elevation  of  42^  to  90°,  of  42°,  or  of 
less  than  42°,  respectively.  The  elevation  of  the  sun  was  about  28°  at  the 
time  of  observation,  and  the  bow  was  proved  to  be  a  hyperbola  by  pegging 
out  its  outline  on  the  ground.  C.  T.  Whitmell,  C.  G.  Knott.  (Ibid, 
p.  84,  March  |9,  1916.)  R.  C. 

527.  Solar  Radiation  Measurements  at  Santa  Fe  (N.  Mexico)  and  Maxima 
at  other  Stations.  H.  H.  Kimt>an.  (Monthly  Weather  Rev.  48.  pp.  489-448, 
Sept.,  1915.) — A  special  interest  attaches  to  the  Santa  Fe  measurements  on 
account  of|  the  station  lying  at  an  altitude  of  7000  ft.  in  an  arid  region, 
where  the  atmosphere  is  generally  very  clear.  The  readings  were  mostly 
taken  in  the»'mornings,  owing  to  the  nature  of  the  site  not  allowing  free 
exposure  to  the i west  The  instrument  used  was  a  Marvin  spiral  pyrhelio- 
meter  and  the  observations  covered  the  period  Oct.,  1912,  to  July,  1915. 
Discussion  of  the  results  shows  that  reduced  to  mean  solar  distance  the  max. 
noon  radiation  intensities  on  a  normal  surface  at  Santa  Fe  exhibit  little  annual 
variation,  showing  that  the  more  transparent  atmosphere  of  winter  compensates 
for  the  greater  air  mass  traversed  by  the  rays.  With  the  sun  at  zenith  distance 
60°  the  measurements  average  about  15  %  higher  throughout  the  year  than 
the  monthly  means  for  Washington.  They  differ  little,  however,  from  those 
at  Madison,  Wis.,  in  the  winter  and  early  spring,  owing  to  the  ground  at  the 
latter  station  at  this  time  of  year  being  covered  with  snow  and  the  air 
being  consequently  free  from  dust.  Temperature  is  also  cold  and  vapour 
contents  therefore  low.  When  extreme  values  are  considered  instead  of 
means  the  excess  of  the  Santa  Fe  values  over  those  of  Washington  is  less 
marked.  The  logarithms  of  the  radiation  intensities  for  different  solar  zenith 
distances  have  been  plotted  for  certain  days  of  max.  radiation  intensity  against 
the  corresponding  air  masses.  The  resulting  curves  are  almost  linear,  and 
have  been  produced  to  cut  the  base  line  given  by  air  mass  ^  0.  From  these 
extrapolated  values  the  solar  constant  is  determined  after  the  application 
of  a  correction  for  humidity.  The  average  value  obtained  for  several  stations 
by  this  means  is  1*97  gm.  cals.  per  cm.*  per  min.,  or  slightly  higher  than  the 
mean  value  given  by  Abbot.  This  may  be  due  to  uncertainties  in  the  method 
of  correction  for  relative  humidity.  J.  S.  Di. 

528.  Storm-frequency  Change  in  the  United  States,  H.  Arctowski. 
(Monthly  Weather  Rev.  48.  pp.  879-889,  Aug.,  1915.) — A  general  discussion 
of  the  movement  of  depressions  over  the  United  States.  The  years  1888-1918 
are  taken,  and  the  number  of  storm  tracks  which  crossed  the  100th,  90th,  and 
80th  meridians  in  each  month  counted  on  the  maps  published  in  the  Monthly 
Weather  Review.  This  method  of  determining  the  storm  frequency  is  pre- 
ferred  by  the  author  to  counting  the  number  of  storms  which  were  felt  in 
each  month  at  certain  well-distributed  stations.  Taking  a  mean  of  the  figures 
for  the  three  meridians  a  pronounced  annual  variation  is  found  with  a 
maximum  of  9*4  storms  per  month  in  Jan.  and  a  minimum  of  5*9  in  June. 
The  distribution  of  these  storms  with  regard  to  latitude  is  worked  out,  and 
attempts  are  made  to  trace  the  causes  of  the  changes  which  occur  from  time 
to  time.  J.  S.  Dl 
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629.  Remarkable  Fall  of  Hail  in  Maryland.  O.  L.  Fassig.  (Monthly 
Weather  Rev.  48.  pp.  446-448,  Sept.»  1915.) — Severe  hailstorms  occurred 
on  the  afternoon  of  June  22,  1916,  along  a  line  about  100  miles  in  length 
running  NW.  and  SB.  through  Baltimore.  The  most  destructive  hail  was 
confined  to  a  narrow  belt  of  country  about  5  miles  in  width.  The  fall  seems 
to  have  been  associated  with  the  passage  of  the  trough  of  a  V-shaped  depres- 
sion and  the  disturbance  was  of  the  line-squall  type.  Accurate  determinations 
showed  that  many  of  the  hailstones  measured  up  to  8  or  4  in.  across,  and  in 
one  town  panes  of  glass  i  in.  thick  in  the  skylight  of  a  building  were  broken. 

J.S.  Di. 

630.  On  the  Distribution  of  Cyclonic  Precipitation,  T.  Terada.  (Math. 
Phys.  Soc.,  Tokyo,  Proc.  8.  pp.  882-884,  Feb.,  1916.  Abstract.)— From  a 
detailed  investigation  of  the  precipitation  accompanying  depressions  in  the 
neighbourhood  of  Japan  the  following  generalisations  were  deduced  : — 
(A)  On  the  front,  i,e,  N£.,  side  of  a  depression  the  precipitation  is  more 
frequent  on  the  Pacific  side  of  the  islands  than  on  the  Japan  Sea  side.  On 
the  rear  side  the  reverse  is  the  case.  (B)  When  the  centre  of  a  depression 
lies  on  the  Japan  Sea  far  from  the  land  the  lines  of  equal  rainfall  have 
a  tendency  to  run  parallel  to  the  axial  line  of  the  islands.  (C)  With  depres- 
sions lying  over  the  sea  not  far  from  the  coast  the  Pacific  depression  is 
associated  with  a  more  dense  and  extended  precipitation  area  on  land  than 
the  Japan  Sea  one.  The  distribution  of  cyclonic  rainfall  outlined  in  these 
generalisations  can  be  explained  by  considering  the  following  influences  : 
(1)  Planetary  thermal  influence,  which  consists  in  the  action  of  the  difference 
of  temperature  with  latitude.  (2)  The  influence  of  the  thermal  contrast 
between  land  and  water.  This  is  also  dependent  upon  the  dampness  or 
otherwise  of  the  land  considered.  (8)  The  effect  of  the  forced  ascending 
or  descending  air  current  brought  about  by  the  discontinuity  of  the  horizontal 
flow  of  air  at  the  boundary  of  two  regions  with  different  coefiicients  of 
friction.  J.  S.  Dr. 

631.  Solar  Corpuscular  Rays,  K.  Birkeland.  (Archives  des  Sciences, 
41.  pp.  22-87,  Jan.  15,  and  pp.  109-124,  Feb.  15,  1916.)— From  the  discussion 
of  an  extensive  series  of  auroral  observations  Stormer  has  decided  to  regard 
the  phenomena  as  due  to  positive  corpuscles  emitted  from  the  sun,  coming 
into  action  in  the  upper  atmosphere  of  the  earth.  Birkeland  considers  that 
corpuscles  are  negative,  and  brings  forward  the  evidence  given  by  his  exten- 
sive experiments  on  the  discharges  from  a  magnetised  kathode  in  a  special 
vacuum  chamber.  C.  P.  B. 

632.  Solar  Activity  and  Atmospheric  Optical  Phenomena,  J.  Maurer. 
(Meteorolog.  Zeits.  82.  pp.  615-617,  Nov.,  1916.  Monthly  Weather  Rev.  48. 
pp.  545-646,  Nov.,  I915.)--Details  of  the  suspected  discharge  of  particles  from 
the  sun  have  been  described  by  Lenard,  chiefly  with  regard  to  their  velocity, 
magnetic  deflection,  and  absorbability  in  the  terrestrial  atmosphere.  During 
the  period  June  18-16,  1915,  of  considerable  solar  activity,  brownish  haze 
coronas  were  noticed  in  the  region  of  the  sun.  It  is  hoped  in  future  to  make 
observations  of  atmospheric  polarisation  simultaneously  with  the  recording 
of  the  haze  phenomenon.  C.  P.  B. 

6S&.  Remarkable  Ifrttmal  Seiches  in  Lake  Inawasiro.  K.  Honda.  (Tohoku 
Univ.,  ScL  Reports,  4.  5.  pp.  828-881, 1916.)— An  investigation  of  the  ordinary 
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seiches  in  this  lake  was  concluded  three  years  ago,  and  two  principal  periods 
of  oscillation  found,  namely,  a  fundamental  and  a  binodal.  On  that  occasion, 
an  undulation  having  a  long  period  of  about  0  hours  was  occasionally  observed, 
but  was  then  attributed  to  the  effect  of  wind  blowing  with  some  periodicity. 
Observations,  however,  in  Lake  Tasawa  led  to  the  conclusion  [see  Abs.  986 
(1915)]  that  the  long  period  is  due  to  the  internal  seiches  in  the  lake.  The 
present  investigation  was  therefore  tmdertaken,  since  it  was  found  that  a  lake 
once  disturbed  will  give  rise  to  an  internal  seiche.  The  results  are  as  follows  :— 
Two  long  periods  were  observed  corresponding  to  the  fundamental  and 
binodal  internal  seiches  in  the  lake.  The  undulations  of  the  short  periods 
from  1  to  2  hours  are  always  superposed  on  the  undulations  of  the  longer 
periods.  Though  the  amplitude  of  undulation  on  the  free  surface  due  to 
the  internal  seiches  is  very  small  in  comparison  with  that  of  the  undulation 
on  the  layer  of  the  rapid  fall  of  temperature,  yet  it  is  easily  observable 
in  the  records  of  the  limnimeter,  and  the  latter  instrument  can  be  used  if 
only  the  periods  of  internal  seiches  be  required,  instead  of  the  more  laborious 
method  of  measuring  temperatures.    Numerous  charts  illustrate  the  paper. 

H.  H.  Ho. 

534.  Search  for  Trans-Neptunian  Planet,  P.  Lovrell.  (Lowell  Observa- 
tory, Mem.  1.  No.  1.  Observatory,  No.  498,  pp.  186-187,  March,  1916. 
Abstract.)— The  memoir  is  the  collection  of  a  lengthy  series  <^  computations 
dealing  with  the  problem  of  inverse  perturbations,  with  the  immediate  purpose 
of  investigating  any  possible  evidence  for  the  existence  of  a  planet  beyond 
Neptune.  Observations  of  Neptune  do  not  as  yet  cover  a  sufficiently  large 
arc  to  give  reliable  residuals,  but  they  will  afford  valuable  data  after  the  lapse 
of  another  century. 

Observations  of  Uranus  date  back  to  1890,  and  are  now  available  over 
2*7  revolutions  of  the  planet.  Lowell  finds  *that  a  notable  diminution  of 
the  residuals  can  be  produced  on  the  assumption  of  an  unknown  planet,  but 
the  data  at  present  available  give  two  possible  positions,  separated  by  180^  in 
longitude.    Provisional  elements  of  the  unknown  orbit  are  given.       C.  P.  B. 

636.  Plane  of  the  Solar  Motion.  S.  Oppenheim.  (Astron.  Nachr. 
No.  4880.  Nature,  97.  p.  109,  March  80, 1916.  Abstract.)— After  the  pubUca- 
tion  by  Kobold  of  his  memoir  on  the  plane  of  a  solar  motion,  Harzer  showed 
that  the  method  reduced  to  the  solution  of  a  cubic  equation  giving  the  axis 
of  what  is  known  as  the  momentum-ellipsoid.  Oppenheim  now  finds  a  com 
plete  explanation  of  these  axes  by  an  analysis  of  the  geocentric  motions  of  the 
minor  planets.  One  axis  appears  to  be  directed  to  the  solar  apex,  a  second 
to  the  pole  of  the  plane  of  the  solar  motion,  and  the  third  to  the  ideal  centre 
of  the  stellar  orbital  movements.  C.  P.  B. 

636.  Anomalous  Dispersion  and  Fraunhofer  Lines.  W.  H.  Julius.  (Astro- 
phys.  J.  48.  pp.  48-^,  Jan.,  1916.)— The  object  of  the  paper  is  to  examine  the 
arguments  which  have  been  advanced  in  opposition  to  the  idea  that  irregular 
refraction  and  anomalous  dispersion  may  be  important  factors  in  the  produc- 
tion of  solar  and  stellar  phenomena.  It  is  admitted  that  so  far  no  clear 
evidence  of  mutual  influence  of  Fraunhofer  lines  has  yet  been  obtained  from 
observations  of  radial  motion  in  sun-spots,  but  it  is  claimed  that  the  results 
of  Albrechf  s  work  on  iron  lines  in  the  scalar  spectrum  do  ihow  the  pheno- 
menon. C.  P.  B. 
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537.  Determination  of  Planetary  and  Cometary  Orbits,  A«  Jdnsson. 
(Ark.  f.  Mat.  Astron.  och.  Fysik,  Stockholm,  10.  81.  pp.  1-^82,  1915.)— A  long 
analytical  paper  giving  details  of  formulie  for  computing  orbits  of  planets  or 
comets.  C.  P.  B. 

538.  Comet  1915d  (Taylor),  A.  Bert>erich.  (Astron.  Nachr.  No.  4827. 
Nature,  97.  p.  46,  March  9, 1916.  Abstract.)— Taking  the  orbit  for  this  comet 
computed  by  J.  Braae  and  J.  V.  Hansen,  the  author  finds  that  Comet  Taylor  is 
possibly  the  object  observed  by  Spittaler  on  Feb.  4, 1891,  when  searching  for 
Winnecke's  Comet.  C.  P.  B. 

539.  Spectra  of  Comets  1918/  (Delavan)  and  19146  (Zlatinsky).  N.  v. 
Konkoly.  (Astron.  Nachr.  No.  4888.  Nature,  97.  p.  89,  March  28,  1916. 
Abstract.) — From  visual  observations  of  the  spectra  oi  these  comets  during 
1914,  it  was  seen  that  they  were  very  similar.  The  sodium  line  was  present, 
and  also  five  hydrocarbon  bands  at  XX6595-4,  64860,  61668.  4888*8,  and 
4728-8.  C.  P.  B. 

540.  Silicon  Lines  in  Spectra  of  B4ype  Stars.  A.  Fowler.  (Roy.  Astron. 
Soc.,  M.N.  76.  pp.  196-197,  Jan.,  1916.)— The  lines  of  Si  which  appear  when  the 
metal  is  subjected  to  powerful  condenser  discharges  from  a  transformer  are 
characteristic  of  the  B-type  stars.  This  spectrum  has  been  studied  from 
X2000  to  X7000,  and  several  new  lines  have  been  found,  some  of  great  intensity* 
Of  the  new  lines  four  are  given  in  detail  showing  their  presence  in  the  spectrum 
of  j3  Crucis,  a  typical  Bi  star.    [See  Abs.  1680  (1914).]  C.  P.  B. 

541.  Change  'of  Star  Colour  with  Distance  and  Apparent  Magnitude,  P.  J, 
Van  Rhijn.  (Astrophys.  J.  48.  pp.  86-42,  Jan.,  1916.  Contribution  from 
the  Mt.  Wilson  Solar  Observatory,  No.  110.) — An  investigation  is  given  of 
the  question  of  a  possible  relation  between  the  colour  of  the  stars  and  their 
distances,  apparent  magnitude  and  spectral-type  being  the  same.  It  is  con- 
cluded that  the  stars  of  the  Yerkes  Actinometry  show  that  the  distant  stars 
are  redder  than  the  nearer  ones.  From  the  material  at  present  available  it  is 
not  possible  to  decide  whether  this  is  to  be  ascribed  to  loss  of  light  in  space 
or  to  an  influence  of  absolute  magnitude.  C.  P.  B. 

542.  New  Variable  Star  and  Nebula  in  Corona  Australe,  R.  T.  A.  Innes. 
(Union  Observatory  of  S.  Africa,  Circ.  No.  88.  p.  260,  Jan.  7,  1916.)— Until 
recently  the  only  known  case  of  a  variable  nebula  was  that  of  Hind's  nebula 
near  the  variable  star  TTauri.  Variability  has  now  been  detected  in  the 
star  — 87^  8450  and  also  in  the  nebulous  envelope  surrounding  it.  The  posi- 
tion of  the  object  is  for  1875,  RA  =  18h.  63m.  16s. ;  Decl  =  —  87°  2-8'.  The 
magnitude  is  usually  8*7,  but  on  1915  Oct.  29  it  was  found  to  be  12'4,  and  on 
1916  Nov.  24  it  was  11-6. 

Examination  of  the  Franklin- Adams  charts  confirms  the  variability  of 
R  Coronas  Australe  and  the  adjacent  nebula,  so  we  now  have  the  interesting 
fact  of  three  known  variable  nebulae,  each  of  which  is  attached  to  a  variable 
star.  It  remains  to  be  seen  whether  these  objects  prove  to  satisfy  Kapteyn's 
suggestion  that  in  the  case  of  the  Nova  Persei  nebula  the  variability  of  the 
nebulosity  was  due  to  reflected  light  from  the  varying  star.  C  P.  B. 

543.  Mean  Distances  and  Luminosities  of  Stars  of  various  Spectral  Types. 
C  V.  L.  CharHen    (Ark.  L  Mat.,  Astron.  och.  Fysik,  Stockhohiv  10.  98. 
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pp.  1-17,  1916.  Lund  Observatory,  Meddelande,  No.  6a)— An  analysis  is 
given  for  determining  the  mean  parallax  of  stars  of  different  stellar  type, 
and  the  relations  between  mean  distance  and  luminosity  of  stars  of  given 
spectral  type,  chiefly  in  criticism  of  conclusions  published  by  various  in- 
vestigators. C.  P.  B. 

544.  Observations  of  Variable  Stars,  C.  Hofifmeister.  (Astron.  Nachr. 
No.  4827.  Nature,  97.  p.  46,  March  9,  1916.  Abstract.)— A  list  is  given 
showing  observations  of  Algol  and  other  short-period  variables,  and  a  number 
of  suspected  variables,  including  7  Ursae  Majoris,  with  a  range  of  0*8  mag. 
[See  Abs.  175  (1916).]  G.  Hornig.  (Astron.  Nachr.  No.  4828.  Nature,  97. 
p.  46,  March  9, 1916.  Abstract.)— Maxima  and  minima  of  f  Persei  are  given 
for  the  period  Nov.,  1914,  to  April,  1916.    The  period  is  18*1  days. 

Observations  are  also  given  of  the  irregular  variables  7  Arietis,  16  Trianguli, 
and  81  Orionis.  C.  P.  B. 

646.  Stellar  Photometry  and  Radiation  Law.  C.  V.  L.  Charlier.  (Ark. 
f.  Mat.,  Astron.  och.  Fysik,  Stockholm,  10.  27.  pp.  1-20,  1916.  Lund 
Observatory,  Meddelande,  No.  67.  Nature,  97.  p.  148,  April  18,  1916. 
Abstract.) — In  previous  communications  the  author  has  shown  that  the 
radiating  energy  for  different  wave-lengths  and  temperatures  may  be  repre- 
sented, in  the  neighbourhood  of  the  maximum  energy,  by  a  simple  formula 
obtained  by  considering  the  radiation  formula  as  a  normal  frequency 
function,  and  determining  the  parameters  by  the  known  radiation  laws  of 
Stephen  and  Wien.  Somewhat  excessive  values  of  X  and  T  are  considered, 
as  the  results  lead  to  an  interesting  inference  regarding  new  stars.  One  of 
the  results  of  the  analysis  gives  evidence  of  a  maximum  value  of  the  energy 
function,  taking  place  at  a  temperature  which  the  author  designates  the 
inversion-temperature,  and  whose  value  is  given  by  the  relation  T  =  12,900°/X. 
It  has  always  been  difficult  to  explain  the  rapid  decline  of  a  new  star  on 
the  hypothesis  of  the  phenomenon  being  due  to  a  collision  between  two 
stars,  but  the  difficulty  is  in  great  part  removed  if  it  is  supposed  that  the 
stars  after  collision  reach  a  temperature  above  the  inversion-temperature. 
After  the  max.  luminosity,  the  max.  intensity  would  pass  further  into  the 
ultra-violet,  and  there  is  a  certain  amount  of  support  for  this  view  in  the 
known  sequence  of  spectrum  alterations  in  a  new  star  after  its  visual  decline. 
A  long  analysis  is  given  of  the  theoretical  numbers  of  stars  of  different 
magnitudes  which  may  be  observed  with  different  instruments.      C  P.  B. 

646.  Orbit  of  W  Orionis,  Z.  Daniel.  (Allegheny  Observatory,  Publ.  8. 
No.  21.  Nature,  97.  p.  46,  March  9,  1916.  Abstract.)— This  object  is  an 
eclipsing  variable  and  spectroscopic  binary  situated  within  I*'  of  the  star 
d  Orionis,  in  common  with  which  it  exhibits  the  interesting  spectral  peculiarity 
that  the  K  (calcium)  line  does  not  show  the  velocity  displacements  shown  by 
other  lines  in  the  spectra.  The  spectrum  is  of  type  Bs,  with  diffuse  lines. 
The  period  is  1*4854  days,  superposed  on  a  longer  one  of  120  days.     C.  P.  B. 

647.  Dark  Markings  on  the  Sky.  E.  E.  Barnard.  (Astrophys.  J.  48. 
pp.  1-8,  Jan.,  1916.)— Photographs  of  the  sky  often  show  the  existence  of 
dark  markings,  comparable  in  size  with  the  nebulae,  scattered  here  and  there 
over  the  heavens,  and  especially  prevalent  in  the  region  of  the  Milky  Way. 
One  of  these,  near  a  Cephei,  is  reproduced  in  conjunction  with  the  irregular 
nebula  in  Cygnus  to  illustrate  the  suggestive  similarity  in  appearance,  and 
the  question  is  raised  whether  these  objects  may  be  in  reality  dark  nebulae. 
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648.  Apparatus  for  Stereoscopic  Astronomical  Photography,  J.  C.  Sol^. 
(Comptes  Rendus,  162.  pp.  8^1,  Jan.  8, 1916.)-- A  small  apparatus,  called 
the  stereo-goniometer,  is  described,  for  facilitating  the  measnrement  of 
stellar  proper  motions  from  photographs  taken  at  intervals  with  the  same 
camera.  The  pairs  of  photographs  are  mounted  over  apertures  in  metal 
rings  furnished  with  rackwork  adjustment,  so  that  the  positions  of  maximum 
stereoscopic  effect  can  be  quickly  recorded.  C.  P.  B. 

549.  Chronophotograph  for  measuring  Ultramicroscopic  Particles  in  Liquids, 
G.  Rebi^re.  (Bull.  Soc.  Chfm.  [IV]  17.  and  18.  pp.  165-168,  March, 
1916.) — ^When  the  displacement  of  a  particle  by  Brownian  movement  within 
a  certain  time  can  be  measured,  and  the  viscosity  and  temperature  of  the 
medium  are  known,  the  radius  of  the  particles  (assumed  spherical)  can  be 
calculated.  A  kinematograph  for  this  purpose  was  described  by  Henri 
in  1908,  but  it  had  the  disadvantages  that  the  interval  between  the  successive 
pictures  could  not  accurately  be  determined,  and  that  the  films  were  not 
suitable  for  photographing  coloured  objects,  and  also  altered  their  dimensions 
during  development,  etc.  The  apparatus  of  the  author  is  a  vertically- 
mounted  chronophotograph  on  which  10  images  can  be  projected  by  an 
ultramicroscope  with  a  magnification  of  200  diameters  at  intervals  of 
0*76  sec.  The  panchromatic  plate  is  21  cm.  long  and  80  mm.  wide.  The 
movements  of  the  plate  (vertically  upwards)  and  of  the  shutter  are  controlled 
by  an  electromagnet  and  a  metronome,  the  shutter  being  kept  open  when 
the  carrier  is  at  rest.  The  shadows  of  cross-wires  serve  as  reference  lines. 
Details  are  given  of  experiments  with  colloidal  sulphur  contained  in  a  quartz 
trough  in  water  at  20°,  a  Zeiss  apochromatic  objective  and  Wratten  and 
Wainwright  plates  being  used.  The  sulphur  grains  were  of  unequal  sizes,  the 
movements  of  the  large  particles  being  1*916,  and  of  the  small  particles 
20 68  X  10-« ;  the  deduced  radii  are  1449  and  184  X  lO-'.  H.  B. 

660.  Microscopy  of  Metals  by  Polarised  Light.  H.  Hanemann.  (Zeits. 
Anorg.  Chem.  88.  pp.  266-268,  Aug.  6, 1914.)— The  author  and  K.  Endell  had 
described  [see  Abs.  2020  (1914)]  a  large  and  a  small  apparatus  for  the  micro- 
scopic study  of  metals  by  reflected  polarised  light  (after  Konigsberger). 
The  smaller  apparatus  proves  preferable;  but  with  their  8'76-mm.  quartz 
plate  the  change  of  the  violet  tint  was  only  observable  in  a  completely 
darkened  room  ;  a  differential  method  is  hence  used,  and  a  Biot-Soleil  plate 
introduced  instead  of  the  quartz  plate.  The  results  are  given  in  a  table  : 
ferrite  is  isotropic  in  elcctrol3rtic  iron,  mild  steel,  pearlitic  specimens, 
tungsten  steels,  etc. ;  cementite  anisotropic  ;  Fe-Si  alloys  contain  one  aniso- 
tropic and  two  isotropic  constituents;  both  AgsAl  and  ZnSb  allo3rs  are 
anisotropic.  Importance  is  attached  to  the  real  difference  established  between 
austenite  (isotropic  in  steels)  and  martensite  (anisotropic).  H.  B. 

661.  Effect  of  Temperature  on  Concave  Grating,  R.  T.  Birge.  (Astropbys. 
J.  48.  pp.  81-86,  Jan.,  1916.) — It  is  well  understood  that  to  get  perfect 
definition  with  a  concave  grating  the  temperature  and  barometric  pre»sare 
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must  be  maintained  constant  during  the  exposure.  In  a  previous  paper 
[Abs.  656  (1914)]  the  author  has  shown  that  the  important  effect  of  changing 
temperature  is  the  change  in  the  width  of  the  grating  space ;  the  dispersion 
is  directly  proportional  to  this  width,  and  hence  also  the  distance  of  all  lines 
from  the  slit,  so  that  on  any  one  plate  the  shift  of  all  lines  is  approximately 
the  same.  Grebe  [Abs.  844  (1914)]  concluded  that  variations  of  not  more 
than  1  deg.  C.  are  not  injurious,  but  the  presentauthor  points  out  that  at  X5000 
a  change  of  1  deg.  C.  will  cause  a  shift  of  as  rduch  as  0*18  A.,  which  is  far  from 
being  negligible.  Attention  is  also  called  to  another  effect  of  temperature- 
gradients  across  the  face  of  the  grating. 

In  using  the  method  of  coincidences  it  is  shown  that  there  will  always  be 
a  shift  of  coincidences  in  different  orders  with  varying  temperatures, 
depending  on  the  dispersion  of  air.  C.  P.  B. 

562.  Effect  of  Temperature  upon  the  Coeffidtni  ^  Absorption  qf  Certain 
Glasses.  K.  S.  Gibson.  (Phys,  Rev.  7.  pp.  194-202,  Feb.,  i916.)— The  effect 
of  temperature  upon  the  absorption  spectra  of  various  kinds  of  coloured 
glass  has  been  investigated  by  Houstoun  and  by  Gibbs.  Their  results  show 
that  in  general  the  absorption  increases  with  temperature,  though  in  some 
instances,  in  certain  parts  of  the  spectrum,  it  decreases.  In  some  specimens, 
upon  beating,  the  absorption  bands  remained  stationary,  and  in  others  were 
displaced  towards  the  red.  Usually  there  was  a  complete  recovery  on 
conung  back  to  the  original  temperature.  The  present  paper  gives  details 
of  experiments  with  five  specimens  of  glass  of  known  composition  between 
temperatures  of  —180^  C.  and  480°  C.  A  Lummer-Brodhun  spectrophotometer 
was  used.  The  results  are  all  recorded  graphically.  Perhaps  the  most 
interesting  and  important  result  of  the  investigation  is  the  enormous  increase 
in  the  coefficient  of  absorption  in  certain  parts  of  the  spectrum.  In  the  red 
glass,  for  instance,  at  cerUin  wave-lengths,  k  is  increased  at  480°  C.  by  more 
than  60  times  its  value  at  — 180^C.,  and  what  was  nearly  a  transparent  glass 
in  the  region  of  0*66  /*  became  nearly  opaque.  In  spite  of  these  big  changes, 
there  was  in  all  the  specimens  nearly  a  complete  recovery  after  the  heating ; 
and  after  cooling  no  change  at  all  was  found  in  the  room-temperature  curves. 
The  biggest  changes  occur  on  the  edge  of  the  general  absorption  region, 
and  this  results  in  some  cases  in  a  shift  of  the  point  of  maximum  percenta^ 
transmission.  A.  W. 

553.  Variation  of  ^efleciing-power  mih  Wave-length,  for  an  Isotropic  Body, 
K.  Uller.  (Phys.  Z^ts.  17.  pp.  9-18,  Jan.  1, 19160— Mathematical ;  do^  ^^^ 
permit  of  a  short  abstract  A.  B.  W. 

554.  Apparent  Lateral  Reaction  between  Identical  Pencils  of  Light-waves 
crossing  each  other  at  a  Small  Angle.  C  Bar  us.  (Science,  48.  pp.  282-284, 
Feb.  26,  1916.) — The  pencils  of  light^waves  were  obtained  by  allowing 
parallel  light  from  a  collimator  to  fall  normally  on  a  plane  reflecting  grating 
and  then  reflecting  from  two  opaque  mirrors  diffracted  beams  at  equal  angles 
to  the  normal.  These  reflect^  beams,  by  rotating  the  mirrors,  can  be  made 
to  cross  at  any  angle,  and  a  plane  transmission  grating  is  arranged  so  that 
the  rays  cross  in  the  glass  i^te  of  the  grating.  With  parallel  rays,  white 
light,  and  a  fine  slit,  the  linear  phenomena  of  reversed  spectra  were  obtained 
as  usual.  On  using  homogeneous  light  and  a  wide  slit  superb  interferometer 
fringes  were  obtained.  In  every  instance  these  are  parallel  striations  crossing 
the  whole  field  uniformly.    They  may  be  made  coarser  or  finer,  or  rotated  at 
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pleasure,  but  a  given  field  never  shows  independent  groups  ;  i.e  there  is  no 
second  periodicity  distinct  from  the  first.  In  the  case  of  crossed  rays,  how* 
ever,  a  uniformly  striated  field  is  only  incidental.  There  is  always  a  second 
periodicity  present,  distinct  from  the  first.  Suppose  the  original  or  regular 
striations  are  vertical  and  that  sodium  light  is  used,  then  the  typical  pattern 
^observed  looks  like  a  set  of  thick  twisted  cords,  hung  side  by  side  and  equi- 
distant. It  is  often  much  more  complicated.  Experiment  shows  that  the 
Unes  consist  of  individual  parts,  behaving  similarly,  but  independently,  as  if 
they  were  a  set  of  magnetic  needles.  The  same  results  may  be  obtained 
with  the  single  strand  of  the  linear  phenomenon  and  white  light  Again,  if 
the  original  regular  fringes  were  horizontal  and  apparently  uniform,  and  the 
figure  is  made  of  maximum  coarseness,  on  slightly  passing  one  slit  image  of 
the  other,  to  different  degrees,  micrometrically,  the  fringes  then  become  like 
nodules,  half  black  and  half  brilliant,  strung  transversely  like  bean-shaped  beads 
on  parallel  strings  and  hung  vertically  against  a  neutral  (non-interfering) 
yellow  background  of  sodium  light.  The  phenomena  observed  are  difficult 
to  explain ;  the  suggestion  is  made  that  homogeneous  rays  on  crossing  (in  the 
present  case  in  a  medium  of  plate  glass)  may  exert  a  lateral  influence  on  each 
other,  to  the  effect  that  identical  rays  emerging  from  the  crossing  are 
arranged  in  equidistant  nodal  planes.    [See  Abs.  71  (1915).]  A.  W. 

655.  The  Necessary  Conditions  for  Brewster's  Law  to  be  Valid,  K.  Uller. 
(Phys.  Zeits.  17.  pp.  18-14,  Jan.  1, 1916.)— The  author  considers  the  case  of  a 
monochromatic,  electromagnetic  plane  wave,  which  after  traversing  one 
medium  is  incident  upon  a  second,  and  for  the  reflected  wave  he  makes  use 
of  a  necessary  condition  which  he  had  deduced  in  an  earlier  paper  [Abs. 
1724  (1915)].  This  condition  is  found  to  signify  that  only  when  special 
relationships  hold  between  the  wave  constants  of  both  media  can  certain 
polarisation  effects  take  place.  These  special  conditions  are  discussed  in 
detail  with  reference  to  glass,  sodium,  potassium,  zinc,  silver,  gold,  mercury, 
nickel,  copper,  Wood's  alloy,  and  selenium.  H.  H.  Ho. 

556.  Spectral  Luminosity-curve  Equation,  E.  F.  Kingsbury.  (Ph3rs. 
Rev.  7.  pp.  161-168,  Feb.,  1916.)— The  sensitivity  curve  of  the  eye  is  now 
fairly  well  defined,  and  the  present  paper  gives  a  form  of  equation  whfch  fits 
it  more  closely  than  the  forms  hitherto  employed.  The  new  equation  is  an 
enlargement  of  the  Goldhammer  form  [see  Abs.  1722  (1906)]  employing  three 
terms  instead  of  one,  the  final  result  obtained  being  Lx  a*  0'999(Ri^""^)*^  + 
a^Rf*^-**)^  +  (H)95(R,^-^3)^  where  Ri=±0-556/X,  R,=0-465/X,  and 
RaacsO'610/X.  From  this  equation  the  luminous  power  emitted  by  a  black 
body  at  various  temperatures  can  be  readily  computed,  and  thus  the  radiant 
luminous  efficiency  of  a  black  body  is  found  to  be  18*5  %  at  about  6500°  K. 
The  Crova  wave-length  {i.e,  that  wave-length  whose  radiant  power  varies 
with  any  change  of  temperature  by  the  same  fractional  part  that  the  total 
luminous  power  varies  for  that  temperature-change)  is  found  from  this 
equation  to  have  a  value  of  058 ft  in  the  neighbourhood  of  2000^  K.  This 
is  in  agreement  with  the  experimental  value  found  previously.     J.  W.  T.  W. 

557.  lUuminatidn  from  a  Radiating  Disc.  P.  D.  Foote.  (Bureau  of  Stan- 
dards, Bull.  12.  pp.  5da-586,  1916  [Sd.  Papers  No.  268] .)— Calculates  the 
foUowing  formula  for  the  illumination  due  to  a  radiating  circular  disc  of 
finite  size,  the  point  at' which  the  illumination  is  required  being  on  a  surface 
parallel  to  the  disc  and  at  a  perpendicular  distance  K  from  it  If  i  is  the 
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brightness  of  the  disc  and  a  its  radius,  while  x  is  the  distance  of  the  illumi* 
nated  point  from  the  axis  of  symmetry,  then  the  illumination — 

E  =  iirt[l  -  (*»  +  K»-fl»)/{**  4-  2(K»  -  aV  +  (K»  +  a*)*}"*].    . 

It  is  readily  deduced  as  a  special  case  that  the  illumination  at  a  point  on  the 
axis  of  the  disc  (jf  =  0)  is  given  by  E  =  iirt[2aV(K*  +  a*)].    Some  typical* 
results  are  exhibited  graphically  in  the  paper.  J.  W.  T.  W. 

668.  Candle-power  of  ike  Black  Body  and  the  Mechanical  Equivalent  oj 
Light,  E.  P.  Hyde,  F.  E.  Cady,  and  W.  E.  Forsythe.  (Frank.  Inst, 
J.  181.  pp.  420-421,  March,  1916.) — The  candle-power  of  a  vacuum  carbon- 
tube  black  body  was  measured  for  a  temperature  range  from  1800^  to 
2600^  K.  by  means  of  a  comparison  lamp  set  at  an  approximate  colour-match 
and  subsequently  measured  in  terms  of  carbon-lamp  standards.  The  results 
at  the  different  temperatures  are  given  in  the  table. 

Brightness  of  a  Black-body  Furnace  at  Various  Temperatures. 


Temperature. 

1700°  K. 

1800 

1900 

2000 

2100 


Candles  per  mm.» 

Temperature. 

0058 

2200°  K. 

0118 

2800 

0*244 

2400 

0-46 

2600 

0-80 

2600 

Candles  pir  mm.* 
1-46 
2-48 
8*82 
6*0 
88 


The  average  results  give  a  value  of  760  lumens  per  watt  for  the  mechanical 
equivalent  of  light  in  the  wave-length  of  greatest  visibility.  J.  W.  T.  AV. 

669.  Effect  of  Atmospheric  Pressure  on  the  Candle-power  of  Flames.  E.  B. 
Rosa»  £.  C.  Crittenden^  and  A.  H.  Taylor.  (Am.  Ilium.  Eng.  Soc., 
Trans.  10.  No.  9.  pp.  848-867,  Dec.  80,  I916.)--Describes  experiments  upon  the 
e£fect  of  change  of  external  pressure  on  the  candle-power  of  gas  flames  and 
of  the  pentane  and  Hefner  lamps.  A  full  description  is  given  of  the  appa- 
ratus and  method  employed  and  a  theory  of  the  effect  of  pressure  changes  is 
discussed  in  detail.  Sections  of  the  paper  are  devoted  to  the  effect  of  water- 
vapour  and  of  vitiation  of  the  air.  J.  W.  T.  W. 

660.  Magnetic  Rotary  Dispersion  and  Electronic  Theory;  Dispersional 
Periods.  S.  S.  Richardson.  (Phil.  Mag.  81.  pp.  282-266,  March,  1916.}— 
This  paper  opens  with  an  extended  mathematical  treatment  of  the  subject, 
and  then  the  results  obtained  are  tested  in  the  cases  of  water,  benzene, 
m -xylene,  naphthalene  bromide,  and  carbon  disulphide. 

The  calculation  of  ultra-violet  free  periods  from  ordinary  dispersion  leads 
in  general  to  a  mean  effective  value  only.  New  formulae  are  obtained  for 
benzene,  m-xylene,  and  «t-I^pnobromnaphthalene. 

The  value  obtained  from  magnetic  rotary  dispersion  using  the  formula 
0  SB  A  [XV(X*  —  X  J)]*  is  usually  much  shorter  and  often  progressive.  It  contains 
no  adjustable  constants^  showing  tliat  in  the  case  of  the  liquids  here  examined 
Meyer's  formula  is  inapplicable. 

When  the  result  is  progressive  a  close  approximation  to  the  longest 
dispersional  period  in  the  ultra-violet  can  usually  be  obtained  from 
0  =jfci[XV(X'  —  Xi )]'  +  At>  and  this  would  seem  to  arise  from  a  much  sharper 
differentiation  in  the  effects  of  bands  of  decreasing  wave-length  in  the  mag- 
netic case. 
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For  beasene  (and  possibly  m-xylene)  the  longest  period  is  almost  an  exact 

submnltiple  of  the  period  of  one  of  the  infra-red  bands  [see  Baly,  Abs.  1258 

1914)].  C.  S.  G 

661.  Radiation  Properties  obtained  from  the  Debye  Model  of  a  Hydrogen 
Molecule.  M.  Wolfke.  (Phys.  Zeits.  17.  pp.  71-72,  March  15,  1916.)— 
Debye  has  previously  calculated  the  dispersion  of  hydrogen  by  means  of  a 
model  of  the  hydrogen  molecule.  In  ihe  present  paper  the  author  investi- 
gates further  the  radiation  results  deduced  from  the  model,  since  experi- 
ments with  canal  rays  have  given  rise  to  the  viewpoint  that  molecules  as 
well  as  atoms  function  as  emission  carriers.  A  description  of  the  Debye 
model  is  given,  and  the  result  found  that  if  an  assumption  of  Bohr  with 
respect  to  radiation  be  adopted,  namely,  that  by  the  passage  of  two  electrons 
free  energy  is  evolved  in  the  form  of  a  monochromatic  radiation,  then  an 
exact  reproduction  of  the  hydrogen  series  spectrum  is  obtained.     H.  H.  Ho. 

562.  Principal  Series  of  Sodium.  R.  W.  Wood  and  R.  Fortrat. 
(Astrophys.  J.  48.  pp.  78-80,  Jan.,  1916.)— In  a  previous  paper  [Abs.  821 
(1909)]  it  has  been  shown  that  the  principal  series  of  sodium  is  much  more 
complete  in  the  absorption  than  in-  the  emission  spectrum.  Forty-eight 
members  of  the  series  were  observed  by  the  absorption  method,  only  seven 
having  previously  been  observed.  The  present  paper  gives  the  results  of  a 
repetition  of  the  work  on  the  absorption  spectrum  made  with  the  very 
powerful  quartz  spectrograph  at  Zurich.  This  instrument  is  designed  for 
double  transmission  through  a  train  of  six  large  quartz  60°  prisms  and  one 
80°  prism  backed  by  mercury  (the  equivalent  of  18  prisms).  The  results 
obtained  are  as  follows : — ^The  number  of  members  of  the  scries  has  been 
raised  from  48  to  58,  ten  new  lines  at  the  head  coming  into  view.  Previous 
investigations  have  shown  as  doublets  only  the  first  three  members  of  the 
series,  namely,  the  D  lines,  and  the  ultra-violet  lines  at  X8d02  and  X2858. 
Four  more  have  been  distinctly  resolved,  so  that  we  have  now  the  wave- 
lengths of  the  components  of  the  first  seven  doublets  of  the  series.  The 
wave-lengths  of  all  the  lines  of  the  series  have  been  determined  to  the  third 
place  of  decimals  with  reference  to  the  new  secondary  standards  of  Fabry 
and  Buisson,  and  a  table  is  given.  The  last  82  members  cover  a  spcj^tral 
range  not  wider  than  the  distance  between  the  D  lines.  The  formula 
proposed  by  Ritz  for  the  principal  series  is — 


■  N  A«     T^         Fy  > 


where  A=  [1*5+ a'-|- fr'/Cl'^)*]'   ^^^  *^®  *^^®  of  wave-lengths  shows  a 
remarkable  agreement  between  the  observed  and  calculated  values. 

A.  W. 

663.  UUra^oM  SpecMtm  of  Krypton.  £.  P.  Lewis.  (Astrophys. }.  48. 
pp.  67-72,  Jan.,  I916.)--The  author  has  examined  the  spectrum  of  krypton  up 
to  X2100,  and  compares  his  results  with  the  earlier  measurements  of  Baly 
[Abs.  74  (1904)1 ;  these  latter,  however,  do  not  extend  into  the  ultra-violet 
beyond  X24t8  A.U.  Measurements  were  made  with  a  15-ft.  grating  and 
a  condensed  spark.  The  addition  of  a  small  inductance  to  the  condensed 
spark-gap  circuit  caused- a  marked  change  in  the  spectrum,  many  of  the 
lines  being  suppressed.  The  persistent  lines  which  survive  self-induction 
appear  to  exhibit  constant-frequency-difference  relationships.  At  least  four 
VOL.  XIX,— A.— 1916.  Q 


Digitized  by  VjOOQIC 


a02  SCIENGB  43STRACTS. 

such  differences  (05, 199,  ^^i  ^^  7^)  <x^^  ^  frequ^otly  that,  alttough 
there  are  disorepaactes^  a  4efinit^  relationship  must  be  presuixied.       C,  S.  G. 

564.  Structure  of  Spectrum  Line  X4686.  £.  J.  Evans  and  C.  Croxson. 
(Nature^  VI.  pp.  6(W7,  March  16,  1916.) — Previous  experiments  have  shown 
that  the  4686  line  can  be  obtained  by  passing  a  condenser  discharge  through 
pure  helium  [Abs«  561  (1915)],  and  it  "was  concluded  thiat  the  results  sup- 
ported Bohr's  theory  [Abs.  1980  (1918)],  which  ascrit>ed  the  line  to  He.  The 
present  experiments  on  the  structure  €)i  the  line  were  commenced 'M^ifh  the 
purpose  of  testing  stilt  further  its  chemical  origin,  and  of  obtaining  results 
whidi  would  throw  further  light  on  the  mechanism  of  emission  of  spectrum 
lines.  The  tube  finally  employed  was  actuated  by  direct  current,  keeping  the 
drop  of  potentiail  between  the  anode  and  kathode  as  low  as  possible.  The 
cylindrical  spectrum  tube  was  made  large,  as  fairly  heavy  currents  were 
passed  through  the  gas  ;  one  of  the  Al  eleotrodes  was  concave  and  the  other 
was  a  hollovi^  cylinder.  With  the  cylindrical  electrode  as  kathode  the  light 
was  almost  completely  confined  to  the  space  inside  the  cylinder,  and  it  was 
very  intense.  With  the  conditions  of  pressure  and  voltage  used,  although 
the  ordinary  helium  lines  were  strong,  the  4686  line  was  comparatively  faint, 
and  long  exposures  were  necessary.  The  line  was  found  to  be  surprisingly 
sharp,  and  all  the  photographs^  for  which  a  88-plate  echelon  was  used, 
showed  that  the  line  was  a  close  doublet,  the  components  having  almost 
equar intensity,  and  their  distance  apart  was  found  to  be  0094  A. U.  It  is 
interesting  to  note  that  the  separation  to  be  expectec)  on  Ryd berg's  theory  is 
01)67  A.U.  Sommerfeld  has  recently  published  a  paper  on  the  structure 
of  spectrum  lines,  based  on  a  remarkable  generalisation  of  Bohr's  theory. 
In  complete  agreement  with  Sommerf eld's  theory,  Paschen  has  found  that 
the  4686  line  consists  of  three  components,  each  of  which  was  accompanied 
by  ifainter  satellites,  and  the  two  stronger  components  were  separated  by 
a  distance  one-fourth  of  that  between  the  outer  components.  Since  the 
appearance  of  Sommerf eld's  paper  Evans  and  Croxson  have  examined  their 
photographs  again,  and  near  one  of  the  higher  orders  of  the  doublet,  but  not 
completely  separated  from  it,  found  a  faint  line.  If  this  is  a  lower  order  of 
the  thii^d  component  its  separation,  measured  from  the  doublet,  is  al>out 
0*40  A.U.,  and'  it  is  situated  on  the  higher  wave-length  side^  as  is  to  be 
expected  according  to  Sommerf  eld's  theory.  A.  W. 

666.  Single-line  Spedra  of  Magnesium  and  other  Metals  and  their  Ionising 
Potentials.  J.  C.  McLennan.  (Roy.  Soc,  Proc  92.  pp.  806-812,  March  1, 
1916.)— Franck  and  HerU  [Abs.  1584  (1914)]  have  shown  that  when  heated 
mercury-vapour  is  traversed  by  electrons  possessing  kinetic  energy  slightly 
above  that  acquired  in  a  fall  of  potential  of  4*9  volts  the  vapour  is  stimulated 
to  the  emission  of  the  single  spectral  line  X=s  ^86*72.  McLennan  and 
Henderson  [Abs.  1408  (1915)J  have  also  shown  that  Hg-vapour  gives  this 
single-line  spectrum  when  boml^ded  by  electrons  possessing  energy  corre- 
sponding to  any  fall  of  pptei^tiai  within  a  range  beginning  at  about  5  volts  and 
extending  to  slightly  over  10  voU^  The  corresponding  range  within  which 
Zn  and.Cd  yi^ld  single-line  spectca  is  from  about  4  to  18*6  volts.  The  single 
lines  of  which  the  spectra  of  these  th^ee  metals  cons^t  are  the^rst  members 
of  Paschen's  combination  series  v  s=  2,^  *-*^  m,  5  for  the  three  metals.  It  has 
now  been  found  that  a  single-line  spectrum  can  be  obtained  wkh  Mg-vapour 
if  the  electrons  bombarding  the  vapour  possess  energy  lying  within  a  certain 
range,  whose  limits  have  not  as  yet  been  definitely  determined,  but  which 
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covers  a  portion  at  least  of  the  ranges  roontioned  above.  The  apparatus 
^d  method  were  the  same  as  in  the  previous  experiments.  With  I4g  the 
single^Une  spectrum  consists  of  light  of  wave-length  X  x=  2852*22.  It  has  also 
been  shown  that  the  absorption  spectrum  of  Mg-vapour  is  exactly  analogous 
to  that  of  Hg,  Zn,  and  Cd,  consisting  pf  two  bands,  one  at  X  =  2852*22  and 
the  other  at  Xss  2078*86.  The  analogy  with  the  absorption  spectrum  of  Hg 
is  closer  stiU^  for  the  mercury  absorption  band  at  X n 258672  comes  out 
with  small  vapour  densities  as  two  narrow  bands  of  wave-lengths  [Wood] 
X  S3  2586  and  X  a  2589.  The  Mg  band  at  X=  2852*22  has  also  been  found 
to  consist  of  two  narrow  sharply-defined  bands  very  close  together.  The 
corresponding  Zn  and  Cd  bands  have  not  as  yet  been  resolved  into 
analogous  doublets.  The  ionising  potentials  have  been  deduced  for  the 
atoms  of  Ug,  Hg,  -?n,  and  Cd  ;  they  are  respectively,  from  calculations  based 
on  the  conclusions  of  Franck  a^d  Hertz,  4*28,  49,  8*96,  and  8*74  volts. 
Considerations  are  also  presented  which  show  that  if  Bohr's  theory  affords 
an  explanation  of  the  origin  of  single-line  spectra,  then  Franck  and  Hertz, 
and  also  Newman,  must  have  placed  a  wrong  interpretation  on  the  results  Of 
their  direct  investigation  of  the  ionising  potentials  for  mercury  atoms. 

•',...  A.  W. 

666,  Rontgen-ray  Spectra.  A.  W.  Hull.  (Frank.  Inst.,  J.  181.  pp.  428- 
424,  March,  I916.)--This  is  an  account  of  an  attempt  to  measure  accurately 
the  quality  and  intensity  of  X-rays  from  a  Coolidge  tube.  In  the  case  of  a 
tungsten  antikathode,  it  is  observed  that  there  is  a  very  rapid  decrease  in  the 
wave-length,  and  at  the  same  time  an  increase  in  intensity  for  all  wave- 
lengths, if  the  voltage  is  increased.  A  penetrating  ray  free  from  soft  radiation 
can  be  obtained  only  by  using  a  filtef  exhibiting  selective  absorption  for  the 
latter.  Measurement?  of  the  spectrum  at  70,000  volts  with  and  without  an  Al 
filter  of  8  mm.  thickness^  indicate  that  the  intensity  of  the  soft  rays  has  been 
reduced  much  n^ore  than  that  of  the  penetrating  rays,  but  there  is  still  a  good 
deal  of  the  former  left.  By  using  thicker  filters  to  reduce  still  further  the 
intensity  of  the  soft  rays,  the  intensity  of  the  penetrating  rays  would  also  be 
cut  down  to  a  small  fraction  of  their  initial  ihtensity,  but  with  a  powerful 
tube,  such  as  is  ip  process  of  development,  it  is  hoped  that  there  may  still  be 
left  sufficient  rays  for  practical  work.  [Se^  also  l^utherford,  fiarnes,  and 
Richardson,  Abs.  1417  (1915).]  E.  A.  O. 

567.  X-ray  Spectrum  of  Tungsten.  W.  S.  Gorton.  (Phys.  Rev.  7. 
pp.  208-208,  Feb.,  1916.)— In  the  work  on  the  X-ray  spectra  of  the  elements, 
tungsten  has  been  used  as  frequently  as  any  other  element,  with  the  possible 
exception  of  platinum,  but  results  of  various  observers  are  not  in  good  agree- 
ment. In  evidence  of  this  the  work  of  de  Broglie,  Herweg,  Moseley,  W.  H. 
'  Bragg,  etc.  [see  Abs.  248^  244,  675,  877  (1914)],  with  this  .elen^ent  is  reviewed 
briefly.  In  the  present  investigation  a  Coolidge  tube  was  used  as  the  source 
<^  X*rays,ai|d  the  tube  was  ^excited  by  a .  10-kw.  inrterrupterless  generator. 
This  ma<^hine  consisted  of  aittop^up  transformer  and  a  synchronously  revolving 
switch  which  rectified  the  high4ension  eoni* 

'  The  "stationary  crystal"  method  was  employedi  roQk-salt  and  calcite 
being  the  crystals  selected  for  the  experiments^  Tables  of  wave*lengths  of 
lines  shown  in  photographic  reproductions  are  £iven,  and  the  values  com- 
pared with  those  of  other  observers.  It  was  found  that  the  results  agree  well 
with  those  of  de  Broglie  (loc,  cii.)  but  are  uniformly  lower,  by  1  to  2*8  %,  than 
those  of  Barnes  [Abs.  1420  (1915)].  The  cause  of  these  discrepancies  is 
discussed.  A.  B.  W. 
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RADIOACTIVITY. 
568.  Behaviour  of  Radio-elements  in  Precipiiaiion  Reactions,  II.  BL 
Fajans  and  F.  Richter.  (Deutsch.  Chem.  Gesell.,  Ber.  48.  pp.  700-716, 
April  24,  1915.)— The  conclusion  of  the  first  paper  (Ibid.  46.  pp.  8466-6497, 
1918)  was  that  a  radio-element  is  carried  down  together  with  a  precipi- 
tate of  an  ordinary  element,  from  ah  extremely  diluted  solution,  if  under 
the  prevailing  conditions  the  radio-elemetit  itself  would  be  precipitated  when 
present  in  sufficient  concentration — which  meant  in  most  cases  that  the  radio- 
element  must  form  a  sparely  soluble  salt  with  the  precipitating  anion.  This 
qualitative  rule  is  now  quantitatively  tested  with  respect  to  thorium  B,  the 
percentage  of  which  present  in  the  original  solution  aiid  in  the  precipitate 
(filtered  or  separated  by  centrifugal  action)  was  estimated  from  its  radio- 
activity. The  absolute  amount  of  ThB  ranged  from  1  to  5  x  lO""**  gm.  in 
different  experiments.  There  is  an  unmistakable  paralielity  between  the 
completeness  of  the  removal  of  the  ThB  and  the  solubility  of  the  salt  it  forms 
with  the  precipitating  anion.  The  sulphide,  sulphate,  and  carbonate  which 
have  solubilities  up  to  005  millimol/litre  are  almost  completely  precipitated  ; 
the  nitrate  which  is  soluble  to  1*5  miilimol,  is  not  precipitated  to  any  notice- 
able extent ;  the  iodide  and  chloride,  of  intermediate  solubility,  are  partly 
precipitated  ;  in  the  two  extreme  cases  the  results  are  reliable,  in  the  inter- 
mediate cases  much  depends  upon  conditions.  When  barium  is  incompletely 
precipitated  from  ThB  solutions  as  sulphate,  the  ThB  is  partly  precipitated. 
As  regards  the  solubility  of  the  ordinary  precipitate  for  salts  with  the  same 
anion,  the  authors  agree  with  Wojtaszewski :  MnCOt,  and  BaCOs,  being 
themselves  hardly  soluble,  precipitate  ThB  almost  quantitatively,  the  readily 
soluble  (NH4)fCOs  precipitated  only  a  few  per  cent  of  the  ThB  present. 
Further,  the  'degree  of  precipitation  will  be  the  higher,  the  less  soluble  the 
compound  of  the  radio-element  with  the  kathion  of  the  precipitate.  Con- 
cerning the  precipitation  of  radio-elements  together  with  their  isotopes,  the 
formation  of  solid  solutions  is  the  decisive  factor ;  when  there  is  no  chemical 
an^ogy  (ThB  and  AgCl),  the  precipitation  depends  upon  adsorption. 
Adsorption  is  understood  in  the  sense  of ,  Bragg,  extended  by  Haber  and 
Paneth.  According  to  Bragg,  the  particles  of  a  crystal  are  held  together  by 
the  forces  of  chemical  affinity  in  such  a  way  that  each  kathion  is  held  by  all  the 
anions  near  it  (not  only  by  one  anion),  and  vice  versa,  so  that  there  is  a  division 
of  valencies  in  a  crystal.  If  that  hold  also  for  the  surfiice  layers,  part  of  the 
valencies  must  project  into  free  space  (Haber),  and  adsorption  will  become 
important  for  the  saturation  of  those  valencies ;  Paneth  considers  that  in  this 
kinetic  exchange  between  crystal  and  solvent  (in  the  growth  of  crystal)  tlie 
anions  and  kathions  participate  separately,  not  only  the  molecules.  The 
authors  discuss  and  adopt  these  views.  H.  B. 

660.  Density  of  Lead  from  Radio-active  Minerals.  T.  W.  RichanU  and 
C.  Wadsworth.  (Am.  Chem.  Soc.,  J.  8a  pp.  221^327,  Feb.,  1916.  Cbem. 
News,  118.  pp.  97-99,  March  8, 1916.>— The  density  of  ordinary  lead  (act  wt 
207*2)  and  of  lead  from  Australian  radio-active  sources  (at  wt.  206*8)  iwas 
carefully  determined  in  a  pyknometer.  The  density  of  ordii^rjr  Pb  reduced 
to  the  vacuum  standard  was  found  to  be  11^7,  and  that  of  radio-active  Pb 
11*288.  Continued  fractionation  produced  no  change  in  this  low  density, 
and  it  could  not  have  been  due  to  anfy  irregularity  in  preparing  the  metal 
since  the  samples  were  all  prepared  in  the  same  way.  This  difiFierence  in 
density  is  especially  interesting,  because  it  almost  exactly  parallels  the 
difiFerence  in  atomic  weight.  Thus  the  atomic  volume  of  radio-active  Pb  is 
found  to  be  almost  exactly  equal  to  that  of  ordinary  Pb,  the  figures  being 
each  very  nearly  18*28.  ^L.  H.  W. 
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670.  Thermal  Expansions  of  Solids.  A.  Miller.  (Phys.  Zeits.  17.  pp.  80- 
81,  Feb.  1,  1916.) — It  is  here  endeavoured  to  apply  Debye's  expression  for 
the  expansion  of  isotropic  monatomic  substances  to  those  temperatures  at 
which  Co  is  no  longer  essentially  dependent  on  T.  From  certain  data  a  con- 
stant a  in  Debye's  expression  can  be  calculated,  and  its  numerical  value  can 
also  be  approximately  derived.    [See  Abs.  268  (1918).]  £.  H.  B. 

571.  Expansions  of  Gold  and  Quartz  to  520°  by  Fizeau's  Method.  A. 
M&ller.  (Phys.  Zeits.  17.  pp.  29-80,  Feb.  1, 1916.)— For  gold  it  is  found  that 
between  (f  to  520°  the  following  expression  holds  good  :  [(/  —  /o)//o]  X  10«  = 
14*157/  +  0-002150/".  For  quartz  parallel  to  the  axis,  the  coefl&cients  arc  as 
follows  for  the  range  0°  to  860° :  7-067/  +  0-008862/*.  Complicated  expres- 
sions apply  for  higher  ranges.    [See  Abs.  550  (1905).]  E.  H.  B. 

672.  A  Physical  Study  of  the  Thermal  Conductivity  of  Solids.  A.  H. 
Compton.  (Phys.  Rev.  7.  pp.  841-848,  March,  1916.)— In  order  to  avoid 
complications  due  to  electrons,  only  non-metalHc  substances,  especially 
crystals,  in  which  the  atoms  are  closely  packed,  are  considered.  It  is  shown 
that  the  average  distance  through  which  the  energy  of  an  atomic  collisioii  in 
a  crystal  is  transmitted  is  inversely  proportional  to  the  temperature,  and  is 
many  times  the  distance  between  the  atoms.  This  result  depends  on  the 
assumption  that  each  atom  in  a  cr3rstal  absorbs  a  small  fraction  of  the  energy 
of  the  thermal  disturl)ance,  and  transmits  the  rest.  In  a  crystal  in  which  the 
atoms  are  arranged  in  lines  parallel  to  the  axis  of  conduction,  if  d  is  the  dis- 
tance between  successive  atoms  (as  given  by  X-ray  measurements),  v  the 
natural  frequency  of  the  atoms  as  determined  by  optical  methods,  k'  the 
number  of  atoms  per  unit  area  of  the  plane  perpendicular  to  the  direction  of 
conduction,  R  the  gas  constant  for  a  single  molecule,  and  a  the  fraction  of  the 
energy  absorbed  by  each  atom  (being  proportional  to  the  square  root  of 
the  absolute  temperature),  then  the  thermal  conductivity,  k,  is  given  by 
k  =s  bn'dRv  (2  —  <^lc^,  where  6  is  a  constant  involving  mi  and  mt,  the  masses 
of  the  atoms  in  collision.  It  appears  impossible  to  obtain  a  satisfactory 
formula  on  the  quantum  hypothesis,  but  with  plausible  assumptions  the 
agglomeration  hypothesis  leads  to  such  a  formula.  T.  B. 

673.  Interpretation  of  Cooling  Curves,  H.  Hanemann.  (Zeits.  Anorg. 
Chem.  90.  pp.  67-80,  Nov.  24,  1914.)— The  author  proposes  geometrical 
methods  for  correcting  the  cooling  curves  of  solid  solutions  based  upon  the 
amounts  of  heat  liberated  at  different  stages.  It  is  always  important  to  know 
whether  the  max.  retardation  indicates  the  beginning  or  the  end  of  a  crystal- 
lisation ;  the  end  is  generally  more  distinct.  These  and  other  considerations 
are  discussed  with  special  regard  to  the  ^-iron  region  of  the  iron-carbon  system 
and  to  the  In-Tl  alloys.  H.  B. 

674.  Recalculation  of  some  Thermal  Relations,  W.  Herz.  (Zeits.  Anorg. 
Chem.  89.  pp.  897-400,  Nov.  5, 1914.)— The  author  shows  that  some  assumed 
thermal  relations  hold  only  very  approximately  and  within  limited  ranges 
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He  has  not  made  any  new  experiments,  but  takes  the  values  of  Landolt  and 
Bornstein's  tables.  The  product  of  the  absolute  melting-point  of  a  metal  and 
of  its  linear  coefficient  of  expansion  should  be  constant  according  to  Bayley, 
Lemeray,  and  others.  This  holds  roughly  for  some  metals  near  their  melting- 
point,  viz.  for  Al,  Hg,  Cu,  Pt,  Ag,  which  give  approximately  the  constant  0*28 ; 
Pb  and  Cd  yield  ©"IS  or  019 ;  Hi  only  0*07 ;  Sn  0-12,  whilst  the  values  for  Fe, 
Ni,  Pd  (and  fot  Na)  lie  between  0-025  and  0081  at  high' temperatures,  above 
1700*^  or  870°  (Na).  The  quotient:  specific  heat  X  absolute  boiling-point -^ 
atomic  weight,  shows  simple  relations  within  any  periodic  group  if  the 
specific  heat  be  taken  at  ordmary  temperature.  At  the  boilingrpoint  the 
quotient:  molecular  heat  of  volatilisation -r- (molecular  volume)^,  is  fairly 
constant;  but  the  relation  :  absolute  boiling-point -r  (density)*  has  not  any 
constant  value.  H.  B. 

676.  Influence  of  Secondary  Air  on  the  Inner  Cone  of  the  Bunsen  Flame, 
L.  Ubbelohde  and  O.  Dommer.  (J.  fur  Gasbeleuchtung,  67.  pp.  788-740, 
July  26, 1914.  Chem.  Zentralblatt,  II.  p.  1879, 1914.)— In  order  to  study  the 
decide^  influence  of  secondary  combustion  on  the  primary  combustion  taking 
place  in  the  inner  cone,  the  authors  determine  the  velocity  of  ignition  and  the 
flame  temperature  of  divided  and  undivided  flames.  With  70  %  of  CO  the 
velocity  is  80  %  greater,  and  the  temperature  20  %  higher,  in  the  undivided 
than  in  the  divided  flame.  With  a  burner  of  0*7  cm.  width  secondary  com< 
bustion  products  are  found  in  the  inner  cone,  when  the  gas  contains  60  %  or 
less  of  CO,  and  the  secondary  combustion  becomes  much  more  pronounced 
as  the  supply  of  primary  air  i^  diminished.  Velocity  and  temperature,  as 
well  as  the  composition  of  the  intermediate  gas,  are  strongly  influenced  by  the 
forms  of  the  flame  and  zones.  A  stoichiometric  mixture  does  not  yield  a  CO 
flame  of  the  highest  temperature.  Yet  the  theoretical  mixture  is  most  suit- 
able for  attaining  high  temperatures,  since  with  high  primary  air-content  the 
flame  volume  is  little  increased  by  secondary  products,^ and  the  somewhat 
stiff  flame  resists  the  access  of  secondary  products.  H.  B. 

676.  True  Temperature  Scale  for  Tungsten,  and  its  Emissive  Power  at  Incan- 
descent Temperatures,  A.  G.  Worthing.  (Frank.  Inst.,  J.  181.  pp.  417-418, 
March,  1916.) — Measurements  were  made  of  the  internal  and  external  bright- 
ness of  an  incandescent  hollow  cylindrical  tungsten  filament  perforated  with 
small  holes  and  mounted  in  a  large  lamp  bulb.  The  ratio  of  the  brightness 
of  the  external  surface  to  that  of  an  adjacent  hole,  when  suitably  corrected, 
gave  the  emissive  power  for  tungsten  at  the  surface  temperature.  Black- 
body  temperatures  were  obtained  by  comparing  the  observed  brightness  with 
that  of  a  black  body  at  the  palladium  point  by  means  of  Wien's  radiation 
formula.  The  true  temperature  scale  consists  of  the  relation  thus  found 
between  the  black-body  temperature  of  the  filament  surface  and  that  of  the 
adjacent  hole,  i,e,  the  true  temperature  of  the  filament.  A  linear  relation 
was  found  between  the  emissive  powers  and  the  true  temperatures  for  the 
region  between  1200°  K.  and  8200°  K.  such  that  the  emissive  powers  for  the 
two  limiting  temperatures  were  respectively  0*467  and  0-406,  If  this  linear 
relation  continues  up  to  the  melting-point  it  follows  that  this  occurs  at  8680°  K. 
Further  verification  with  other  filaments  is  being  tried  before  the  publication 
of  the  completed  paper.  J.  W.  T.  W. 

677.  jColour-temperature  Scales  for  Tungsten  and  Carbon,  E.  P,  fifyde, 
F.  E.  Cady,  and  W.  E.  Forsythe.  (Frank,  Inst,  J.  181.  pp.'41&-426, 
March,  1016.)-^ By  the  colour  temperature  of  a  solid  body  radialrng  by  tirtue 
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of  its  temperature  is  meant  the  temperature  of  a  black  body  at  which  its 
racfiation  matches  in  colour  that  of  the  solid  body  in  question.  In  the  present 
investigation  the  colour  temperature  of  tungsten  is  accurately  determined  by 
comparison  with  an  electrically  heated  carbon-tube  furnace,  and  this  colour- 
temperature  scale  is  compared  with  the  true  temperature  scale  of  tungsten 
as  determined  by  Worthing  [see  preceding  Abs.].  The  relation  is  also  deter- 
mined between  the  colour  temperature  and  the  specific  output  in  lumens  per 
watt  radiated  by  the  tungsten  fikunent.  It  is  seen  from  the  table  that  the 
colour4emperatiire  scale  is  very  much  closer  to  the  true  temperature  scale 
than  the  so-csdled  black-body  scale  which  has  been  generally  used  in  the^past. 

Tungsten  Lamp. 


Lomcns/Watt. 

Colonr  Temperature. 

(\  =  0-666  i*.) 

True  Temperature. 

1 

1768°  K. 

1627°  K. 

1729°  K. 

2 

1917 

1758 

1875 

3 

2025 

1840 

1976 

4 

2109 

1909 

2056 

6 

2179 

1967 

2125 

6 

2287 

2017 

2184 

7 

2290 

2062 

2288 

8 

2888 

2102 

2286 

9 

2888 

2140 

2882 

10 

2425 

2174 

2878 

Untreated  carbon  has  also  been  studied,  though  with  less  precision  owing 
to  the  non-uniformity  of  filament  temperature  and  variations  in  the  radiating 
properties  of  different  allotropic  forms  of  carbon.  J.  W.  T.  W, 

678.  The  Characlerislics  of  Tungsten  Filaments  as  Functions  of  Temperature, 
I.  Langmuir.  (Phys.  Rev.  7.  pp.  802-880,  March,  1916.)— A  more  complete 
account  of  the  work  dealt  with  in  Abs.  822  (1916). 

679.  On  the  Theory  of  the  Equations  of  State.  M.  v.  Smoluchawski. 
(Ann.  d.  Physik,  48.  8.  pp.  1098-1102,  Feb,  1,  1916.)— Under  the  above  title 
Wagner  has  already  published  a  communication  [see  Abs.  778  (1915)]  the 
object  of  which  was  to  prove  that  van  der  Waals,  Boltzmann,  Kuenen,  and  all 
other  authors  were  in  error  when  they  explained  the  action  of  the  molecular 
attractive  forces  by  the  introduction  of  an  internal  pressure  a/v  in  their 
formulae.  The  author  beheves  that  this  severe  contradiction  is  due  to  a 
misunderstanding,  and  that  the  accepted  mode  of  regarding  the  question 
still  holds  good,  so  that  while  admitting  the  difficulties  which  Wagner  has 
raised  he  attempts  in  the  present  paper  to  give  a  suitable  explanation  to 
Wagner's  objections.  H.  H.  Ho. 

680.  The  Radiation  Law  and  the  Luminous  Yield  from  Metals  at  High 
Temptratures.  f.  Peczalski.  (Comptes  Rendus,  162.  pp.  294-296,  Feb.  2JL, 
1916.)— The  paper  is  a  mathematical  investigation  of  the  radiation  law  With 
application  to  the  luminosity  of  metals  at  high  temperatures,  Experiments 
have  been  undertaken  to  confirm  the  theoretical  results.  For  tantalum  the 
xadiAtion  law  is  E  =  <fT**,  where  E  is  the  energy  radiated,*and  T  the  tem- 
perature.   Other  examples  are  given  and  interesting  deductions  made. 
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581.  Determination  oj  the  Constant  of  Total  Radiation  from  a  Black  Body. 
W.  W.  Coblentz.  (Bureau  of  Standards,  Bull  12.  pp.  558-682, 1916  [Sci. 
Papers,  No.  262],) — ^This  is  a  coatinuation  of  former  papers  [see  Abs.  1079 
(1915)],  and  consists  of  (1)  an  historical  summary  of  the  principal  determina- 
tions up  to  the  present  of  the  value  of  the  constant,  9,  of  total  radiation ; 
(2)  a  new  determination  of  ^  by  a  method  in  which  accurate  corrections  are 
made  for  lack  of  "blackness"  of  the  radiator,  for  losses  by  reflection,  for 
variation  of  thickness  of  lampblack  laj^er,  and  for  atmospheric  absorption. 
It  is  demonstrated  that  the  presence  of  aqueous  vapour  in  unmeasured  quan- 
tity is  fatal  to  a  correct  measurement.  The  method  employed  is  that  of  a 
modified  Angstrom  pyrheliometer,  where  the  heat  received  radiometrically 
is  compensated  electrically.  The  temperature  of  the  radiator'is  about  1050^  C, 
and  the  final  value  of  9  is  5*75  x  10""  watt  cm.-*  deg.-<.  The  mean  value 
obtained  from  the  best  of  the  researches  alluded  to  in  the  first  part  of  the 
paper,  after  corrections  have  been  made  as  far  as  possible  for  the  factors 
mentioned  above,  is  5*7  X  10-".  T.  B. 

682.  Energy  Distribution  in  Normal  Radiation  Spectrum.  L.  Page. 
(Phys.  Rev.  7.  pp.  229-240,  Feb.,  1916.)— Planck's  radiation  formula  is  here 
derived  from  the  expressions  given  by  classical  dynamics  and  electro- 
djmamics  for  the  absorption  and  radiation  of  energy  with  the  aid  of  the 
supplemental  assumption  that  the  motion  of  an  absorbing  and  emitting  linear 
oscillator  of  frequency  v  is  stable  only  when  the  energy  of  its  oscillations  is 
an  integral  multiple  of  hv.  This  assumption  avoids  the  necessity  of  replacing 
the  emission  of  energy  demanded  by  the  electrodynamic  equations  by  an 
emission  that  is  discontinuous  in  time  and  difficult,  if  not  impossible,  to 
reconcile  with  the  phenomena  of  diffraction  and  interference. 

The  partition  of  energy  among  the  different  degrees  oi  freedom  in  the 
ether  has  been  investigated,  and  found  to  be  the  same  as  in  material 
oscillators.  E.  H.  B. 

688.  A  New  Relation  derived  from  Planck* s  Law.  P.  D.  Foote.  (Bureau 
of  Standards,  Bull.  12.  pp.  479-482,  Feb.,  1916.  Phys.  Rev.  7.  pp.  224-225, 
Feb.,  1916.) — Of  the  many  possible  relations  which  may  be  derived  from  the 
radiation  law  of  Planck  only  a  few  have  received  any  attention.  The  most 
important  of  these  are  the  two  displacement  laws  of  Wien,  namely  : 
Xaui.0  =  const.,  and  Juiax.^  =  const.     Salpeter  has   defined  a  function  of 

X  and  9  as  follows :  i|(X,0)x=J  / 1  J^rfx,  where  J^  is  the  intensity  of  radia- 
tion of  absolute  temperature  0,  and  wave-length  X  as  determined  by  Planck's 
law.  The  functions  ()ij/^X  =  0  and  ^nifbQ  =  0  have  roots,  giving  \J^  =  const 
identical  with  Wien's  displacement  law.  Any  number  of  displacement 
laws  may  be  derived  from  the  Planck  equation,  and  the  present  paper  con- 
cerns the  relation  that  the  product  of  the  absolute  temperature  and  the 
X-coordinate  of  the  centre  of  gravity  of  the  spectral  energy  curve  is  a 
constant.  H.  H.  Ho. 

684.  The  Equation  of  State  for  Gases  and  Liquids.  F.  H.  MacDougall. 
(Am.  Chem.  Soc,  J.  88.  pp.  528-555,  March,  1916.)— The  author  approaches 
this  subject  from  another  point  of  view  to  that  of  van  der  Waals,  in  the  hope 
of  finding  a  solution  to  the  limitations  from  which  the  ordinary  equation  of 
state  suffers.  From  any  two  of  the  three  quantities,  critical  temperature, 
critical  pressure,  and  critical  volume,  the  theory  of  van  der  Waals  enables  us 
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to  calculate  a  and  b.  If  from  the  values  so  obtained  the  third  critical  quantity 
be  calculated,  then  the  result  is  found  to  be  at  variance  with  the  facts,  e^. 
theory  requires  that  the  critical  density  shall  be  2*67  times  that  of  an  "  ideal " 
gas  under  the  same  conditions  of  temperature  and  pressure,  whereas  in  all 
cases  hitherto  investigated  the  ratio  is  much  larger,  usually  about  87.  Most  of 
the  previous  modifications  attempt  to  meet  this  case,  but  cannot  raise  the  ratio 
above  8.  The  author  states  that  the  object  of  his  paper  is  to  study  Dieterici's 
equation  in  detail  and  to  apply  it  to  a  number  of  well-investigated  substances, 
since  in  his  opinion  it  possesses  a  sounder  theoretical  basis  than  that  of  van  der 
Waals.  It  reproduces  the  behaviour  of  a  gas,  not  only  at  low  pressures,  but 
also  at  the  critical  point,  and  even  at  much  higher  pressures.  Although, 
perhaps,  not  so  simple  an  expression  as  van  der  Waals',  many  of  the  deductions 
from  it  are  characterised i by  great  simplicity  and  elegance.  It  has  the  great 
advantage  of  reproducing  the  critical  state  accurately,  and  in  the  author's 
opinion  should  be  adopted.  In  the  present  paper  various  methods  are 
developed  for  calculating  the  values  of  a  and  b  below,  at,  and  above  the 
critical  temperature.  A  formula  is  deduced  for  calculating  the  pressure  of 
saturated  vapour  from  the  densities  of  the  liquid  and  vapour,  while  another 
has  been  obtained  for  calculating  the  latent  heat  of  vaporisation  from  the 
densities  of  liquid  and  saturated  vapour.  Isopentane,  carbon  dioxide,  and 
hydrogen  have  been  studied  in  some  detail.  In  the  case  of  isopentane  a 
decreases  and  b  increases  from  0^  C.  up  to  the  critical  temperature.  The 
same  is  true  of  COs.  Above  the  critical  temperature,  in  the  case  of  COt, 
a  continues  to  decrease,  while  b  remains  fairly  constant  up  to  200°  C.  In 
the  case  of  hydrogen,  a  decreases  from  the  critical  temperature  up  to 
ordinary  temperatures,  while  b  does  the  same,  from  — 188°  C.  at  least  For 
the  latter,  the  inversion  temperature  is  calculated,  and  also  the  temperature 
at  which  it  "  obeys  "  Boyle's  law  for  moderate  pressures.  The  latter  tempera- 
ture was  calculated  to  be  —171*4'^  C.  Combining  the  law  of  Cailletet  and 
Mathias  with  a  result  obtained  by  Young  for  a  number  of  substances,  it  is 
shown  that  the  density  of  a  substance  at  the  absolute  zero  is  four  times  the 
critical  density.  The  author's  conclusions  with  regard  to  the  variation  of 
b  with  temperature  are  shown  to  harmonise  with  some  of  the  views  of  T.  W. 
Richards  in  respect  to  the  compressibility  of  atoms.  H.  H.  Ho. 

685.  Stalisiical-mechanical  Basis  of  Thermodynamics,  T.  Wereide.  (Phys. 
Zeits.  17.  pp.  62-68,  March  15, 1916.) — Classical  thermodynamics  is  grounded 
on  the  principle  that  any  isolated  physical  system  of  energy  u,  volume  v, 
pressure  p,  and  temperature  T,  possesses  a  characteristic  function,  namely 
the  entropy,  which  is  defined  by  the  equation  S  =  /(du  +  pdv)IT,  where  the 
differentials  refer  to  changes  in  the  neighbourhood  of  equilibrium.  All 
measurable  alterations  in  the  system  take  place  in  such  a  way  that  the 
entropy  increases,  and  when  such  changes  cease  the  entropy  is  a  maximum. 
The  present  paper  shows  how  this  principle  can  be  obtained  from  statistical- 
mechanical  considerations.  Gibbs's  method  is  followed  with  one  deviation, 
viz.  that  while  Gibbs  considered  the  statical  properties  of  a  system  in  different 
states,  and  defined  the  probability  for  a  special  state  as  the  fraction  of  the 
system  which  is  in  that  state  at  any  given  instant,  the  present  author  takes 
only  one  system  and  employs  Einstein's  probability  method.  H.  H.  Ho. 

686.  Entropy  and  Probability,  O.  Postma.  (K.  Akad.  Amsterdam, 
Proc.  18.  7.  pp.  1048-1056,  1916.)— In  the  kinetic  definition  of  the  entropy 
it  is  necessary  to  determine  a  function  S  which  (1)  satisfies  the  equation 
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dS  S3  dfjT  on  transition  from  a  state  of  equiltbrhim  to  a  neighbouring  one, 
and  (2)  increases  in  an  isolated  system  which  is  not  in  eqaihbnum.  The 
S  that  satisfies  the  second  demand  must  then  also  sati^  the  first  in  the 
particular  case  that  there  is  equilibrium.  Additional  constants  [for  (I) : 
independent  of  energy  and  vohmie ;  for  (2) :  independent  of  distribution  of  - 
place  and  velocity]  had  no  influence  according  to  this  theory.  In  connection 
with  the  theory  of  quanta,  however,  these  constants  have  come  more  into  the 
foreground,  especially  in  so  far  as  they  depend  on  the  elementary  region  g  of 
the  extension  in  phase  of  the  molecules  and  their  number  N.  Of*  late,  atten- 
tion has  also  been  drawn  to  other  properties  which  the  entropy-function 
should  satisfy,  and  more  particularly  :  (8)  the  entropy  of  a  quantity  of  sub- 
stance is  equal  to  the  sum  of  the  entropies  of  its  parts.  Further,  the  dimension 
of  the  entropy  has  also  become  of  more  importance.  Calculating  the  entropy 
of  a  perfect  gas  in  equilibrium  state  by  the  aid  of  the  definition  S  =s^  log  P 
(P  SB  probability)  and  with  the  fulfilment  of  condition  (8),  then  g  must  be 
proportional  to  N.  Important  objections  have  been  adduced  agiunst  this 
result  by  Lorentz.  This  result  together  with  its  objections  were  obviated 
by  Tetrode,  who  divided  the  entropy  expression  by  [N.  Lorentz  has  stated 
that  there  is  no  physical  reason  for  this,  and  the  purpose  of  the  present 
article  is  to  subject  the  existing  difficulties  to  closer  examination. 

H.  H.  Ho. 

687*  Entropy  cf  Material  Systems.  T.  Wereide.  (Phys.  Zeits.  17. 
pp.  68-71,  March  16,  1916.)— The  author  here  deals  with  the  entropies  o£ 
several  diflFerent  systems — namely :  a  homogeneous  solid  body,  a  homo- 
geneous fluid,  a  fluid  solution,  a  solid  solution,  and  a  gaseous  mixture.  He 
utilises  the  method  that  the  entropy  of  a  physical  system  may  be  determined 
by  decreasing  it  so  much  that  the  volume  is  rendered  as  small  as  possible.  If 
Zo  be  the  minimum  volume  of  the  state,  then  the  entropy  in  this  condition 
is  So  =  A;  log  Zo  ^  if  the  entropy-decrease  be  now  added  the  absolute  value  is 
obtained.  The  entropy  thus  consists  of  two  parts — a  variable  measurable 
part,  and  the  constant  minimum  entropy.  Only  the  variable  portion  is 
considered  in  the  paper ;  and  this  again  subdivides  into  two  members,  one 
of  which  is  dependent  only  on  the  energy,  and  the  other  only  on  the  volume. 
Each  of  these  is  subjected  to  suitable  change  in  order  to  arrive  at  the  desired 
result  The  method  is  then  applied  to  each  of  the  above-mentioned  cases. 
The  paper  concludes  with  the  development  of  a  general  formula  for  the 
entropy  of  material  systems.  H.  H.  Ho. 
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ELECTRICITY  AND  MAGNETISM. 
THEORY,  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

688.  DeUrminatum  of  Work  Function  when  an  Electron  escapes  from  the 
Surface  of  a  Hot  Body.  H.  H.  Lester.  (Phil.  Mag.  81.  pp.  197-221,  March, 
19160 — ^The  equation  for  the  thermionic  emission  from  a  hot  metal  in  a 
vacuum  has  been  deduced  by  Richardson  and  others  from  theoretical  con- 
siderations involving  the  assumption  that  the  potential  energies  of  an  electron 
inside  and  outside  of  the  surface  are  different,  so  that  an  escaping  electron 
must  do  work  against  an  equivalent  adverse  p.d.  (^  volts).  The  work  done 
by  an  escaping  electron  is  represented  in  the  well-known  Richardson 
equation,  i  =s  ad^^^""*'*,  by  the  constant  6.  In  order  to  justify  completely 
the  assumption  involved  in  6,  such  a  work  function  should  be  found  to  exist, 
and  its  magnitude  should  be  identical  with  that  of  b. 

In  1908  Richardson  showed  that  the  escape  of  electrons  should  involve 
a  loss  of  thermal  energy,  due  to  the  fact  that  energy  is  rendered  latent  by  the 
p.d.  at  the  stuiace,  and  that  this  loss  ought  to  increase  rapidly  with  the 
temperature.  Wehnelt  and  Jentzsch  (1909)  announced  the  discovery  of  such 
a  cooling  effect,  and  attempted  its  measurement,  but  were  troubled  by 
thermionic  currents.  Cooke  and  Richardson  found  such  an  effect  in  1918. 
In  1910  the  same  experimenters  had  announced  the  discovery  of  a  converse 
heating  effect  and  had  published  values  for  a  series  of  metals.  The  value  of 
f  was  calculated  from  both  the  heating  and  the  cooling  effects,  and  was 
found  to  be  of  the  expected  order  of  magnitude. 

The  present  paper  contains  a  discussion  of  the  above  work  on  the  heating 
effect,  and  presents  an  extension  of  the  measurements  of  the  cooling  effect 
for  carbon,  Mo,  Ta,  and  W.  The  following  features  are  also  discussed : 
(1)  Identification  of  b  with  0.  (2)  Relation  of  ^  to  contact  potentials. 
(8)  Effect  of  gases  on  0.  (4)  Nature  of  surface  films.  (5)  New  method  for 
determining  the  temperatures  of  hot  filaments.  E.  H.  B. 

589.  A  Revision  of  the  Expression  for  the  Electromagnetic  ^fas$  of  an  Electron. 
J.  Ishiwara.  (Math.  Phys.  Soc,  Tokyo,  Proc.  8.  pp.  862-867,  Jan.,  1916.)— 
The  author  first  gives  the  usual  mode  of  determining  the  electromagnetic 
mass  of  an  electron  resulting  in  the  expression  mo  =  ^JSValC?,  where  Uo  is 
the  electrostatic  energy  of  the  electron,  and  C  the  velocity  of  light  in 
vacuo.  Criticism  then  follows  and  a  new  expression  is  deduced,  namely : 
mo=:rwa/8irCJoa  +  ^/8irCJoa=:E«/CJo,  where  the  electron  is  regarded  as  a 
sphere  of  radius  a,  with  its  charge  e  and  total  mass  mo  distributed  over  the 
surface,  y  being  the  gravitation  constant,  and  ,C^  the  velocity  of  light 
at  infinity.  H.  H.  Ho. 

690.  Crushing  of  a  Copper  Tube  by  Lightning.  W,  J.  Humphreys. 
(Monthly  Weather  Rev.  48.  pp.  896-898,  Aug.,  1915.)— Photographs  are  given 
of  a  copper  lightning  conductor  that  has  been  crushed  along  its  length  and 
fused  at  its  upper  portion*  Assuming  that  the  collapse  of  the  tube  is  due 
to  the  "pinch  effect"  of  the  current,  it  is  calculated  that  a  pressure  of 
10*  dynes/cm.',  or  approximately  of  one  atmosphere,  would  be  produced 

VOL,  ZIX.— A.~1916. 

Digitized  by  VjOOQ IC 


212  SCIENCE  ABSTRACTS. 

with  the  tube  of  16  mm.  external,  and  14*66  internal  diam.,  with  a  current  of 
19,470  amps.,  the  discharge  being  unidirectional.  It  has  been  estimated  that 
the  duration  of  a  lightning  discharge  is  of  the  order  of  (H)l  sec.  Also,  as  the 
brazed  joint  of  the  tube  was  opened  by  the  fusion  of  the  solder  and  the  copper 
showed  indications  of  incipient  fusion  along  its  length,  the  final  temperature 
is  estimated  as  having  been  about  1050°  C.  From  these  figures,  taking  the 
specific  heat  of  copper  as  0*11,  it  is  deduced  that  the  current  must  have  had 
an  average  value  of  about  90,000  amps,  or  a  max.  value  of  100,000  amps. 
Using  the  figure  for  the  pressure  obtained  above  and  the  fact  that  the 
pressure  is  proportional  to  the  square  of  the  current,  it  appears  that  the 
crushing  pressure  must  have  amounted  to  400  lbs.  per  sq.  in.  A.  J.  M. 

691.  Mercury  Droplets  and  Electronic  Charge,  A.  Schidlof  and  A. 
Karpowicz.  (Archives  des  Sciences,  41.  pp.  126-148,  Feb.,  1916.)— 
Describes  experiments  with  mercury  droplets  to  determine  the  electronic 
charge  with  special  reference  to  the  infra-electronic  charges  claimed  by 
F.  Ehrenhaft,  whose  results  the  present  authors  fail  to  confirm.         E.  H.  B. 

692.  Electromagnetic  Wave  Constants  of  an  Isotropic  Body,  K.  Uller. 
(Phys.  Zeits.  17.  pp.  86-87,  Feb.  1, 1916.)— A  theoretical  paper  in  which  these 
constants  for  a  number  of  substances  are  calculated  by  the  reflections 
formulae  from  the  polarisation  data  by  various  experimenters.  [See  Abs. 
1726  (1916).]  E.  H.  B. 

698.  Path  of  a  small  Permeable  Body  moving  with  Negligible  Acceleration  in 
a  Bipolar  Field,  P.  E.  Betas  and  M.  Hartog.  (Roy.  Dublin  Soc.,  Proc.  16. 
pp.  88-40,  Feb.,  1916.) — The  present  investigation  originated  in  Hartog's 
researches  upon  the  "Mechanism  of  Mitosis  in  the  dividing  cell."  The 
similarity  of  the  spindle  form  assumed  by  the  achromatin  fibres  of  a  cell 
undergoing  division  with  that  of  inductive  dust,  when  scattered  on  a  fiat 
surface,  or  suspended  in  a  liquid  of  lower  permeability,  between  two  poles 
of  opposite  sign,  led  to  a  theory  that  at  a  particular  stage  in  its  life-history 
the  cell  was  the  seat  of  a  dual  force,  hke  electrostatic,  centring  on  two 
t>odies — the  centrosomes — whose  field  was  bounded  by  the  cell  wall.  The 
chromosomes  were  to  be  considered  as  portions  of  matter  more  permeable 
(in  the  broad  Kelvin  sense)  than  the  medium  in  which  they  moved  and  their 
orientations  in  the  equatorial  plane,  discessions,  and  migration  to  the 
centrosomes  were  to  be  accounted  for  by  the  differential  action  about  the 
two  force  centres  on  these  and  on  the  surrounding  medium.  The  present 
paper  contains  further  experimental  evidence  in  support  of  this  theory. 
For  modelling  the  phenomena  of  mitosis  by  a  bipolar  magnetic  field,  the 
problem  arose  as  to  what  would  be  the  path  of  a  small  disc  of  very  soft 
iron  if  floated  in  a  viscid  liquid  between  the  poles  of  an  electromagnet — the 
disc  at  no  time  acquiring  observable  acceleration.  Beyond  the  general 
statement  that  a  permeable  body  would  always  move  so  as  to  include  the 
greatest  number  of  lines  of  induction,  there  was  no  previous  record  that 
the  actual  trajectory,  had  been  investigated.  Full  experimental  details  of  the 
experimental  solution  of  this  problem  are  given  in  the  paper.  The  following 
points  deserve  attention  : — 

(1)  The  path  of  the  body  depends  on  its  size.    (2)  The  field  in  which  It 

moves  is  not  constant,  but  is  the  resultant  of  the  earth's  field  and  a  parallel 

field,  which  varies  in  intensity.    (8)  The  presence  of  the  body  modifies  the 

geometrical  configuration  of   the  field.     Numerous  curves  are  given    to 
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illustrate  the  results  obtained.  As  the  curves  show  the  paths  of  one  par- 
ticular body  moving,  in  one  particular  resultant  field,  the  more  general 
problem  remains  to  be  investigated,  but  the  results  found  were  adequate  for 
the  approximate  physical  data  demanded  by  the  biological  phenomena. 

H.  H.  Ho. 

694.  Capacity  of  Approximate  Spheres  and  Cylinders,  Rayleigh.  (Phil. 
Mag.  81.  pp.  177-186,  March,  1016.)— A  mathenlatical  paper  in  which  the 
capacities  of  approximate  spheres  and  cylinders  are  calculated ;  formulae 
are  obtained  which  include  the  squares  of  small  quantities.  A.  W. 

605.  On  the  Contact  Ekctricify  of  Solid  Dielectrics  towards  Conducting  and 
Nonconducting  Liquids.  A.  Coeha  and  J.  Franken.  (Ann.  d.  Physik, 
48.  8.  pp.  1005-1088,  Feb.  1, 1916.)— The  fundamental  principle  with  regard 
to  the  contact  electricity  of  non-conductors  is  that  materials  of  higher 
dielectric  constants  are  positively  charged  by  contact  with  those  of  lower. 
A  good  method  for  establishing  this  principle  is  offered  by  electric  osmosis. 
Quantitatively  the  charge  of  thjC  electric  double  layer  on  the  contact  surface 
of  the  dielectric,  is  found  to  be  proportional  to  the  difference  of  the  dielectric 
constants  of  both  bodies.  A  theoretical  proof  of  this  has  been  given  by 
Lenard  [see  Abs.  1446  (1915)]  based  on  his  investigation  of  the  structure  of 
the  surface  layers  of  liquids.  In  this  present  work  the  changes  are  investi- 
gated which  the  charging  of  liquid  dielectrics  undergoes  when  a  given 
content  of  an  electrolyte  is  present.  The  influence  exerted  by  tjbe  electrolyte 
depends  on  its  nature  and  concentration,  and  this  was  traced  up  to  the 
reversal  in  sign  of  the  charge  A  large  series  of  acids,  bases,  and  saUs  were 
investigated,  and  the  reversible  concentrations  found.  For  theoretical 
purposes  it  appeared  of  special  interest  to  discover  the  influence  of  electro- 
lytes on  charging  phenomena,  not  only  for  investigation  of  the  vi^terfall 
eff^cty  but  also  for  the  case  of  contact  of  liquids  with  solid  non-conductors. 
The  experiments  were  in  most  cases  prejudiced  by  the  fact  that  at  high 
electrolyte  concentrations,  the  special  electrolytic  phenomena  together  with 
decomposition  products  masked  the  results.  Very  full  experimental  details 
are  g^ven.  For  measuring  the  charging  of  solid  dielectrics  vriih  respect  to 
gOQd*conducting  solutions,  without  disturbance  by  ^ectrolytic  effects,  an 
electrostatic  method  was  adopted.  The  apparatus  was  designed  to  give 
automatically  a  continuous  uniform  contact  with  the  fluids  to  be  investigated. 
For  charging  both  materials  the  apparatus  rendered  good  reproducible 
valnesi  and  the  charge  of  the  solid  dielectric  increasing  to  a  constant  final 
value  could  be  established  by  an  automatic  photographic  i:egistration.  The 
influence  of  the  electrolyte  on  the  charging  of  the  solid  dielectric  corresponds 
qualitatively  to  the  like  influence  in  the  waterfall  effect.  T^  requisite 
quantities  of  electrolyte  for  the  reduction  of  the  charge  are,  however,  much 
larger  in  this  case.  A  reversal  of  the  charge-sign  by  neutral  salts  is  therefore 
only  to  be  attained  in  such  cases  where  the  solubility  of  the  neutral  salt  is 

sufficiently  great.  The  superiority  of  the  H  ions  in  their  ability  to  reduce 
the  charge  is— as  earlier  in  the  waterfall  effect— also  here  to  hand,  so  that 
in  all  cases  with  acids  a  reversal  may  be  obtained.    The  special  case  of  the 

H  ion  shows  itself  also  in  that  a  distinct  temperature  coefficient  is  manifested 
in  the  direction  that  increase  of  temperature  acts  like  an  increase  in  con- 
centration. The  tempc^ture  dependence  of  neutral  salts  and  alkalies  is 
either  not  in  evidence  or  lies  within  experimental  error.  Dissolved  non- 
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electrolytes  are  ift  dilute  solattons,  as  in  the  waterfall  effect,  without  influence 
on  the  charging.  Should  a  wetting  of  the  solid  dielectric  by  a  liquid  take 
place,  then  there  occurs  no  Oharging.  Experiments  with  very  viscous 
solutions  appear  especially  suitable  for  giving  further  information  on  the 
mechanism  of  the  charge  phenomena  investigated.  H.  H.  Ho. 

DISCHARGE  AND  OSCILLATIONS.    . 

696.  Electric  Deposits  in  Flames ;  Faraday s  Law.  B.  Thieme.  (Zeits^ 
Phys.  Chem.  89.  pp.  C98-727,  May  26,  1916.)— A  continuation  of  former  ex- 
periments [Abs.  540  (1912)]  made  with  electrodes  (wires  or  plates)  in  flames, 
generally  luminous  coal-gas  flames,  about  6  cm.  high  burning  on  tubes  of 
2  mm.  dtam.,  with  battery  and  dynamo  currents  (M  to  455  volts)  and  also  with 
other  electric  apparatus.  The  author  first  discusses  the  sources  of  error  t  the 
flame  is  cooled  by  the  insertion  of  the  electrodes  (by  200°  sometimes  near 
electrodes),  so  that  there  is  a  purely  thermal  deposition  of  soot  in  addition  to 
the  electric  deposition ;  the  fine  carbon  particles  are  carried  away  by  tl* 
draught ;  ordinary  d3mamo  currents  are  not  strictly  continuous,  so  that  some 
soot  is  deposited  oh  the  anode  also.  Fresh  quite  bright  electrodes  always 
give  poor  deposits.  From  the  small  current  flowing  through  a  flame  al  459 
volts  the  resistance  of  the  flame  would  appear  to  be  182  megohms.  The 
greater  the  current  intensity,  the  more  the  shape  of  the  flame  is  changed, 
and  the  flame  broadens  out  along  the  kathode ';  that  is,  when  the  kathode  is 
a  wire  held  horizontally  in  the  flame;  the  flame  widens  out  above  that  wire, 
in  the  upper  or  the  lower  part  of  the  flame,  where  the  kathode  is  held. 
When  the  kathode  is  alone  ill  the  flame,  the  flame  is  lengthened ;  wheii  the 
anode,  the  flame  is  shortened.  On  reversing  the  current  the  small  threads 
of  carbon  particles  stretching  from  the  kathode  over  to  the  anode  drop  off  t 
with  alternating  currents  the  deposits  form  on  both  electrodes,  but  are  always 
thicker  on  the  cooler  of  the  two  electrodes.  The  threads  oscillate  with  ^he 
frequency  of  the  current,  and  are  acted  on  by  the  magnetic  field.  When  the 
flame  is  between  the  plates  of  a  condenser,  the  carbon  particles  are  first 
attracted,  then  repelled,  and  then  riie  like  non-electric  particles.  When  the 
frequency  exceeds  900  per  sec.  (singing  arc  arrangement)  carbon  is  no 
longer  deposited,  so  that  a  time  of  at  least  0*0006  sec.  seems  to  be  required 
by  the  electrodes  to  produce  ionisation. 

R.  V.  Traubenberg  had  confirmed  Faradajr^s  law  for  flames  in  1912 ;  the 
author  tests  this  with  iron  electrodes,  20  mm.  apart,  Jand  finds  that  carbon 
seems  to  be  univalent  at  higher  (flame)  temperatures,  having  a  higher  valency 
at  lower  tempferatures ;  the  amount  of  carbon  deposited  at  120  to  450  volts  and 
currents  ranging  from  0*0008  to  00048  amp.  corresponded  to  a  imiviletit 
carbon.  Faraday's  law  also  seemed  to  hold  for  Bnnsen  flames,  fed  with 
copper  sulphate,  with  Pt  electrodes  supported  by  copper  plates  and  currents 
at  pressures  up  to  1800  volts.  H.  B. 

597.  Relation  between  Photoelectric  Current  and  Illumination.  H.  E.  Ives, 
S.  Dushman,  and  E.  Karrer.  (Astrophys.  J.  48.  pp.  9-85,  Jan.,  1916.)— 
Experiments  described  in  an  earlier  paper  [Abs.  1888  (1914)]  showed  that  the 
relationship  between  illumination  and  current  in  potassium  photoelectric 
cells  is  not  rectilinear,  tmt  is  in  general  a  Complicated  function  of  applied 
voltage,  electrode  distance  and  gas  pressure.  Subsequent  investigation  has 
resulted  in  the  discovery  of  the  cause  of  these  complications,  with  the 
conditions  necessary  for  producing  the  straight-line  relation.  The  course  of 
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the  investigation  is  illustrated  by  numerous  graphs  showing  the  different 
photoelectric  currents  with  varying  voltage  and  illumination,  and  widely 
varying  types  of  cell  conduction.  The  anomalous  behaviour  has  been 
traced  to  the  action  of  locusing  effects  caused  by  the  accumulation  of  charges 
on  the  walls  of  the  cells,  and  a.  type  of  cell  has  been  devised  which  affords 
perfect  control  of  the  photoelectric  action,  thereby  giving  a  considerable 
advance  in  sensibility  which  should  facilitate  the  work  of  stellar  photometry. 
Tho  difficulty  with  regard  to  varying  colour  sensibility  still  remains  as 
before.  C.  P.  B. 

598.  Photographs  showing  Rdative  Deflection  of  Positm  and  of  Negative  Ions 
as  compared  with  that  of  the  Electron,  C  T.  Ktiipp.  •  {Science,  48.  pp.  898- 
894,  March  17,  1916.)  T.  H. 

699.  Kathode  Measurements  with  Glow  Current  in  Hydrogen,  W.  L. 
Cheney.  (Phys.  Kev;  7.  pp.. 241-26%  Feb.,  1916.)— Skinner  [see  Abs.  1609, 
1454  (1916)]  has  developed  a  theory  of  the  kathode*fall  in  gases  which 
suggests  that  With  a  plane  kathode  the  "  normal "  current  density  should  be 
proportional  to  the  square  of  the  gas  pressure,  provided  the  number  of  mean 
free  paths  of  the  electrons  from  the  kathodd  to  the  point  of  minimum 
gradient  in  the  negErtive  glow  is  the  same  for  all  pressures.  In  measurements 
made  with  Al  and  steel  kathodes  in  hydrogen,  both  of  these  conditions  were 
found  to  exist.  The  purpose  of  this  research  is  to  repeat  some  of  Skinner's 
measurements  with  Al  and  steel,  and  to  extend  the  investigation  to  various 
other  metals.  The  apparatus  used  is  described  in  detail  and  the  results 
obtained  are  given  in  tabular  and  graphical  form.  The  "  normal "  current 
density  at  the  kathode  has  been  measured  in  hydrogen  with  Al,  steel,  Ni,  Zn, 
and  Ft  as  kathodes,  and  found  in  all  cases  to  be  proportiooaLtO  the  square 
of  the  gas  pressure.  The  number  of  mean  free  paths  of  the  dectron  from 
the  kathode  to  the  point  of  minimuip  gradient  in  the  negative  glow  has^^^been 
measured  for  these  metals  under  the  same  ccmditions  and  found  to  be 
independent  of  the  gas  pressure.  Potential  curves  in  the  gas  between  the 
kathode  and. the  negative  glow  have  been  obtained  at  "normal^  current 
density  with  the  above  metals  as  kathodes.  The  potentials  plotted  against 
the. number  of  mean  free  paths  of  the  electron  from  the. kathode  Me,  for 
all  pressures,  practically  on  the  same  curve.  From  these  potential  measure- 
ments, 4he  mobility  of  the  positive  ions  has  been  calcnlated  and  consistent 
values  obtained  for  all  metala  except  Pt,  where  the  mobility  is  somewhat  low, 
probably  arising  from  the  presence  of  metal  vapour.  The  potential  curves 
have  been  theoretically  extended  to  the  kathode,  and  the  fall  between  the 
kathode  and  the  gas  was  obtained  therefrom.  The  ratio  of  the  electron  cur- 
rent from  the  kathode  to  the  total  current  has  been  oatcuiated  for  the  various 
metals.  .        A.  E.  G. 

600.  Kathode  Measurements  with  Glow  Current  in  Oxy^n  and  Nitrogen. 
W.  Neuawanger.  (Phys.  Rev.  7.  pp.  268-268,  Feb.,  1916.)— Skinner  re- 
cently developed  a  theory  of  the  kathode-fall  in  gases  and  gave  a  general 
relation  between  the  fall,  the  corrent  density,  mean  free  path  of  the 
electron  and  the  distance  from  the  kathode  to  the  point  of  minimum 
potential  gradient  in  the  negative  glow  [Abs.  1809,  1464  (1916)].  Experi- 
ments with  hydrogen  supported  the  theory.  In  the  present  paper  the 
author  investigates  the  kathode-fall  in  oxygen  and  nitrogen  and  finds  that, 
as  for  hydrogen,  all  pressures  giving  the  normal  kathode-fall  have  the 
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same  number  of  mean  free  paths  to  the  point  of  minimum  potential 
gradient  in  the  negative  glow  and  have  a  normal  current  density  pro- 
portional to  the  square  of  the  gas  pressure.  With  normal  current 
density  the  kathode-fall  is  a  minimum,  and  as  the  current  is  increased 
the  fall  of  potential  immediately  at  the  kathode  increases,  while  the  fall 
through  the  gas  to  the  negative  glow  decreases.  This  decrease  is  attri- 
buted to  the  larger  proportion  of  the  total  current  carried  by  the  electrons, 
which  reduces  the  distance  from  the  kathode  to  where  the  negative 
charge  in  the  gas  equals  the  positive. 

The  p.d.  between  the  kathode  and  any  point  at  a  definite  number  of 
mean  free  paths  from  it  is  found  to  be  a  function  of  the  ratio  of  ccRrent 
density  to  square  of  gas  pressure.  T.  H. 

ELECTRICAL  PROPERTIES  AND  INSTRUMENTS, 

601.  Edge  EffcU  of  Plate  Condensers.  C.  J.  Watson.  (Electrician,  76. 
p.  888,  March  24,  1916.)— A  square  of  lead-foil,  of  24  cm.  side,  was  pasted 
on  plate  glassx  and  placed  opposite  another,  which  exceeded  it  by  0*6  cm. 
all  round ;  the  two  electrodes  were  kept  apart  by  bits  of  glass  0*29  cm. 
thick.  Another  similar  condenser  was  made  having  the  smaller  plate  of  the 
same  area,  but  in  an  oblong  form,  being  85  cm.  long.  The  capacity  of 
the  second  condenser  was  about  8  %  greater  than  that  of  the  first  To 
increase  the  effect  another  square  plate,  similar  to  that  of  the  first  condenser, 
was  cut  into  4  strips  and  fixed  on  the  glass  2*6  cm.  apart ;  they  were 
joined  by  narrow  strips  and  the  area  was  adjusted  to  that  of  the  original 
square.  The  capacity  was  found  to  be  increased  by  80  %.  From  these  and 
other  experiments  the  author  is  convinced  that  with  plates  1  ft.  square  and 
I  in.  apart  the  capacity  is  at  least  20  %  more  than  that  calculated  f  rom^e 
formula  C  sx  A/4ir^. 

G^  £.  Bairsto.  (Ibid.  77.  p.  28,  April  7,  1916.)~Bairsto  states  that  if 
Kirchhoff's  formula  is  applied  to  a  circu^  plate  of  over  1  sq.  ft.  placed 
at  a  distance  of  \  in*  from  the  second  plate,  the  C2^>acity  is  increased  by 
4*8  %,  Since  square  plates  will  give  a  greater  effect,  and  there  may  ht 
effects  due  to  surrounding  bodies,  Bairsto  considers  that  errors  of  20  % 
may  easily  arise  in  the  case  considered.  I.  W. 

602.  Te^s  of  Thermodedric  Formula  based  on  Bismuth  and  Bismuih'Tin 
Alleys.  A.  £.  Caswell.  (Phys.  Rev.  7.  pp.  269-277,  FeU,  1916.>-Barker 
and  Caswell  have  described  an  apparatus  to  measure  the  Peltier-effect  directly 
[Abs.  892  (1912)].  Modifications  have  now  been  made  in  this  to  admit  of 
direct  determinations  of  the  Kelvin-effect  and  the  thermoelectric  force. 
This  apparatus  is  to  be  described  in  a  future  paper  on  measurements  of  th^ 
Kelvin-effect.  In  the  present  paper  the  author  gives  results  of  experiments 
on  the  Peltier-effect  and  the  thermoelectric  force  for  bismuth  and  certain 
alloys  of  Bi  and  Sn  containing  less  than  10  %  Sn.  Measurements  of  the 
thermo-e.mi.  serve  as  a  check  on  the  direct  measurements  of  the  Peltier 
e.m.f .  if  we  assume  Kelvin's  equation  connecting  thermoelectric  power  (Q) 
and  Peltier  e.m.f .  (P),  viz.  P  =e  QT.  The  results  obtained  are  disctissed 
from  the  point  of  view  of  the  electron  theory.  According  to  Drude,  the 
Peltier  e.m.f.  at  absolute  temperature  T  is  [2RTlbg(fii/iif)]/6,  where  H 
is  the  gas  constant  of  a  gm.-molecule,  e  the  charge  carried  by  the  H-ion 
in  electrolysis  and  ni,  fit  are  the  numbers  of  electrons  per  unit  volume  ip  the 
two  metals  which  take  part  in  the  phenomenon.    The  formulas  of  ].  ]. 

VOL.  XIX.— A.— 1916. 


Digitized  by  VjOOQIC 


ELECTRICITY  AND  MAGNETISM.  217 

Thomson  and  O.  W.  Richardson  differ  from  Dnide's  in  that  they  do  not 
contain  the  factor  2.  The  author  deduces  the  value  of  ttilm  from  his  data 
on  Peltier-effect  and  thermoelectric  power  and  concludes  that  the  Kelvin 
equation  is  satisfied.  He  then  assumes  that  in  these  alloys,  containing  a 
small  percentage  of  Sn,  the  mean  free  path  of  an  electron  remains  sensibly 
the  same ;  also  the  electrons  concerned  in  thermoelectric  phenomena  are 
identical  with  those  taking  part  in  electrical  and  thermal  conduction. 
Dnide's  theory  then  leads  to  the  result  that  <ri/<^  =  ni/«t  and  kilkf  =  «i/wi, 
where  o*  denotes  specific  electrical  resistance  and  k  thermal  conductivity. 
Using  Schulze's  results  for  the  resistance  and  thermal  conductivity  of  Bi 
and  Bi-Sn  alloys  he  deduces  values  for  wi/«».  These  values  agree  better 
with  those  calculated  from  the  thermoelectric  data  on  the  Drude  theory 
than  with  those  using  the  formula  of  J.  J.  Thomson.  With  the  Thomson 
formula  if  we  assume  the  electrons  in  the  thermoelectric  case  identical 
with  those  in  conduction  the  mean  free  path  in  one  of  these  alloys  would 
have  to  be  1*8  times  that  in  the  pure  metal.  On  the  other  hand,  if  equality 
of  mean  free  path  be  assumed  (ni/rt»)*  =»  Ni/Nj,  where  n  denotes  the  electrons 
per  unit  volume  concerned  in  conduction  and  N  those  in  thermo-electricity. 

L.  L. 

603.  Comparison  of  Self  and  Mutual  Inductance,  C.  H.  Lees.  (Phys. 
Soc.,  Proc.  28.  pp.  89-08  ;  Disc,  98.  Feb.  16, 1916.  Electrician,  77.  pp.  128- 
124,  April  28,  1916.  Abstract.)— When  a  resistance  bridge  for  the  com- 
parison of  I  the  mutual  inductance  between  two  coils  with  the  self-inductance 
of  one  of  them  has  been  set  up  and  balanced  for  steady  currents,  it  is  very 
often  found  that  no  inductive  balance  can  be  obtained  with  the  form  of 
bridge  adopted,  or  with  the  values  of  the  resistances  of  the  ratio  arms  which 
have  been  used.  Another  pair  of  values  for  the  resistances  of  the  ratio  arms 
or  another  form  of  bridge  has  to  be  substituted,  balanced  for  steady  currents. 


and  an  induction  balance  again  attempted.  To  abolish  this  waste  of  time  the 
bridge  arrangement  shown  in  the  Fig.  is  recommended.  It  is  shown  that  the 
self-inductance  L  of  a  ooil  of  resistance  S  may  be  compared  with  the  mutual 
inductance  M  between  the  coil  and  another  by  making  the  first  coil  one  arm 
of  a  bridge,  PQRS,  of  which  the  second  coil  and  a  resistance  U  +  V  in  series 
form  one  diagonal,  the  galvanometer  forming  the  other.  The  cell  is  connected 
through  a  key  to  the  point  of  contact  of  U  and  V.  When  the  steady  balance 
has  been  obtained  U  or  V  oan  be  varied  so  as  to  get  an  inductioo  balance 
for  any  value  of  L/M  without  P,  Q,  R,  or  S  having  to  be  changed.  Then 
L/M=r-.[Q  +  S-h(l  +  Q/P)V]/(T  +  U).  F.E.S. 

604.  Study  of  the  Volta^^tct  by  ike  Aid  of  Induced  Radifhoctivity :  Discovery 
of  Two  New  Effects.  £.  Sarasin  and  T.  Tommaaina.  (Comptes  Rendus,  162. 
pp.  291-294,  Feb.  21, 1916.)-7The  present  paper  is  a  further  study  of  the  Volta- 
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effect  by  the  aid  of  reduced  radio-activity.  Previous  results  have  ah-eady  been 
presented.  Two  new  effects  have  now  been  elucidated  which  together  with 
preceding  data  have  enabled  the  authors  to  construct  a  very  sensitive  apparatus 
whereby  the  direct  study  of  electrodes  separated  by  air  or  in  contact  may  be 
effected,  and  a  comparison  made  to  an  analogous  effect  due  to  a  sunple  pile 
element.  The  authors  believe  their  apparatus  to  be  capable  of  affording  a 
correct  theory  of  the  pile,  and  to  settle  the  question  of  whether  its  action  is 
chemical,  or  one  of  specific  potential,  or  a  combination  of  both.  A  description 
of  the  apparatus  is  given  and  further  investigation  promised.  H.  H.  Ho. 

605.  Temperaitire  Coefficient  of  Contact  Poidniial.  K.  T.  Compton. 
(Phys.  Rev.  7.  pp.  209-214,  Feb.,  1916.}— From  a  consideration  of  the  con- 
ditions  of  statistical  equilibrium  of  the  electrons  inside  and  outside  different 
metals  in  contact,  Richardson  has  shown  that  (^/^T)[Vm  — Vs]  =  P/T,  where 
Vm  —  Vs  is  the  contact  p.d.  l)etween  two  metals  M  and  S,  P  the  Peltier  p.d., 
and  T  the  absolute  temperature.  The  author  describes  experiments  which 
he  has  made  to  test  the  al>ove  equation  experimentally.  For  Fe  and  Bi^ 
P/T  =  88*7  microvolts/degree,  while  for  Fe  and  Ni  it  is  82*4.  Earlier  measure- 
ments of  contact  p.d.  made  by  Erskine-Murray  and  by  Burbidge  are  something 
like  one  hundred  times  too  large  to  fit  the  above  equation,  and  the  measured 
values  bear  no  obvious  relation  to  the  thermoelectric  powers.  Accurate 
measurements  are  difficult  owing  to  the  smallness  of  the  effect  in  comparison 
with  the  superposed  effects  due  to  insulation  charges,  time  changes,  and  oxida> 
tion.  The  experimental  measurements  thus  far  made  have  been  by  some  form 
of  the  variable-condenser  method.  The  author  has  used  an  ionisation  method^ 
in  which  the  air  between  two  plates  is  ionised  by  y-rays  and  the  potential  of 
the  plates  so  adjusted  by  a  potentiometer  that  no  current  passes  between  them, 
the  applied  p.d.  being  then  equal  to  the  contact  p.d.  The  latter  can  be 
measured  accurately  to  1/10,000  volt.  The  p.d.'s  were  measured  several  hours 
after  effects  due  to  polish,  etc.,  had  subsided.  The  mean  value  obtained  for 
Fe-Ni  over  the  range  20°  to  60°  C.  was  1650  microvolts/degree,  this  mean  being 
calculated  from  5  values,  the  highest  of  which  was  2160  and  the  lowest  1180. 
This  result  agrees  fairly  well  with  results  obtained  by  the  qlder  method,  and 
is  at>out  60  times  as  large  as  the  theoretical  coefficient  deduced  from  the  above 
equation.  It. is  clear  that  either  the  equation  does  not  conform  to  the  facts^ 
or  else  what  is  actually  measured  is  not  the  real  contact  p.d.  The  author 
considers  the  errors  to  be  due  to  oxidation,  and  that  consistent  results  are  only 
to  be  obtained  by  the  preparation  of  the  surfaces  and  the  measurement  being 
carried  out  in  vacuo,  I.  W.. 

606.  The  Operation  of  Induction  Coils  with  Electrolytic  Interrupters,  O.  M. 
Corbino  and  Q.  C.  Trabacchi.  (Elettrotecnica,  8.  pp.  42-46,  Jan.  25^ 
1916.) — The  chief  difficulty  in  feeding  induction  coils  with  alternating  current 
and  electrolytic  tntemipters  consists  in  the  strong  inverse  secondary  current 
generated  when  the  primary  current  is  negative  in  direction.  The  authors 
have  therefore  devised  an  electrolytic  interrupter  which  at  the  same  time 
acts  as  a  valve»  so  as  to  avoid  the  establishment  of  the  negative  primary 
current.  The  new  electroljrtic  interrupter  is  formed  of  a  Pt  or  Fe  pointy 
an  Al  plate,  and  a  solution  of  a  salt  capable  of  producing  the  known  valve 
action  with  Al.  The  best  liquid  is  either  a  20  %  solution  of  sodium  potassium 
tartrate  or  a  saturated  solution  of  sodium  bicarbonate.  This  interrupter-valve 
dDes  not  require  specially  forming,  but  it  forms  itself  in  half  a  minute's  work- 
ing.    The  authors  have  compared  the  working  of  an  induction  coil  fed  by 
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direct  current  throagh  an  ordinary  electrolytic  interrupter  and  the  work- 
ing of  the  same  coil  fed  by  alternating  current  through  the  new  valve  inter- 
rupter. Several  diagrams  were  taken  by  using  the  Braun  tube.  The  d.c. 
feeding  produces  a  considerable  inverse  e.mi.  that  follows  immediately  on 
the  direct  secondary  current  and,  finding  therefore  the  X-ray  tube  in  the 
excited  condition,  gives  rise  to  an  inverse  current,  which  can  be  prevented 
only  by  the  use  of  a  secondary  valve.  The  a.c.  supply  through  the  new 
valve-interrupter  can,  in  favourable  conditions,  produce  no  inverse  secondary 
current,  so  that  no  valve  is  required  in  the  circuit  of  the  tube.  This  is 
due  to  the  fact  that  the  inverse  e.mi.  is  smaller  than  in  the  former  case,  and 
is  produced  a  long  time  after  the  direct  current  has  ceased  :  the  tube  being 
no  longer  in  the  excited  state  does  not  allow  the  inverse  current  to  pass. 
The  favourable  conditions  for  obtaining  this  result  consist  in  giving  a  suitable 
value  to  the  self-inductance  of  the  primary  and  in  letting  the  small  electrode 
of  the  interrupter  dip  far  enough  in  the  liquid.  As  a  matter  of  fact,  what  is 
called  *'  direct  current "  is  really  in  all  cases  a  damped  alternating  current  due 
to  the  self-induction  and  capacity  of  the  secondary  of  the  coil ;  but  the  inverse 
currents  due  to  these  rapid  oscillations  have  no  bad  effect  upon  the  X-ray 
tube.  E.  B. 

607.  An  Enclosed  Cadmium-vapour  Arc  Lamp.  H.  J.  S.  Sand.  (Phys. 
Soc,  Proc.  28.  pp.  94-97 ;  Disc,  97-98,  Feb.,  1916.)— The  lamp  is  similar 
in  general  principle  to  the  well-known  mercury  lamp.  It  is  constructed 
of  quartz  glass.  To  start  the  lamp  the  metal  is  melted  by  means  of  a  Bunsen 
burner,  and  the  arc  struck  by  tilting.  Before  introduction  into  the  lamp  the 
metal  is  freed  from  oxide  and  dissolved  gases  by  a  special  process  of  filtra- 
tion while  at  the  pump.  It  is  prevented  from  adhering  to  the  glass,  which 
might  lead  to  fracture,  by  the  presence  of  a  small  amount  of  a  loose  powder 
in  the  lamp.  The  lamp  gives  a  powerful  light,  and  once  started  will  continue 
bunting  indefinitely.  Author. 

608.  New  Form  of  very  High  Resistance.  J.  J.  Dowling.  (Roy.  Dublin 
Soc.,  Proc.  15.  pp.  29-62,  Feb.,  1916.) — ^The  resistance  described  is  for  use  with 
electrometers.  In  measurements  with  these  instruments  a  resistance  of  the 
order  of  100  megohms  is  required.  This  resistance  must  not  vary  with  the 
current,  and  it  is  desirable  that  it  should  be  free  from  polarisation  effects  and 
possess  no  appreciable  temperature-coefiicient  Such  a  resistance  is  the 
equivalent  resistance  Rssl/nc,  where  c  is  the  capacity  (in  farads)  of  a 
condenser  charged  and  discharged  n  times  per  sec.  The  author  has  tried 
such  an  apparatus  with  an  equivalent  resistance  ranging  from  10  to  5000 
megohms  in  connection  with  electrometer  measurements.  The  results 
are  very  favourable.  F.  E.  S. 

609.  Lecture-room  Oscillograph.  H.  Q.  Crane  and  C.  L.  Dawes.  (El. 
World,  67.  pp.  4d4-42d,  Feb.  19,  1916.)— An  oscillograph  is  described  by 
which  it  is  rendered  possible  to  project  curves  on  to  a  screen  that  are  readily 
seen  at  distances  of  200  ft.  or  more  from  the  screen.  For  flexibility  in  setting 
up  the  apparatus  in  different  lecture-rooms  the  optical  system,  magnet  and 
▼ibrators,  and  rotating  mirror  ynih  its  motor  are  moonted  on  three  separate 
stands  with  m^ns  for  adjusting  height  The  vibrator  has  a  natsral  frequency 
adjustable  between  1600  and  3000  ^rcles  per  sec,  and  with  200  milUamps. 
gives  pictures  with  an  amplitude  of  12  in.  on  each  side  of  the  zero  line  with 
the  instniment  10  ft  from  the  screen.  With  a  special  vibrator  currents  of 
telephonic  frequency  can  be  recorded.  This  vibrator  gives  an  amplitude  of 
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1  ft  with  a  current  of  100  millomps.  and  with  the  instrument  set  up  8  ft.  from 
the  screen.  The  rotating  mirror  has  eight  plane  faces  arranged  so  as  to  form 
an  octagonal  prism  rotating  at  75r.p.m.  with  a  supply  at  60  cycles  per  sec. 

A.J.  M. 

610.  Universal  Switch  for  Thtrmo-ehment  Work,  W.  P.  White.  (Am, 
J.  Sci.  41.  pp.  807>816,  April,  1916.)— Describes  a  switch  used  to  simplify  the 
manipulations  required  in  making  simultaneous  measurements  with  difEerent 
electrical  instruments,  especially  thermo-elements  or  other  sources  of  e.m.f. 
The  contacts  are  made  by  pressure  alone  between  strips  of  thin  sheet  copper^ 
an  arrangement  which  probably  gives  as  small  parasitic  e.mi.'s  as  any.  The 
arrangement,  shortly,  is  as  follows  :  A  straight  wooden  rod,  when  pressed  in, 
presses  against  the  "unknown"  (say  the  therm o-elemeut)  contact,  closing 
that  At  the  same  time  a  pin,  projecting  sideways  from  the  rod,  pushes 
a  frame  which  carries  the  auxiliary  (usually  the  potentiometer)  contacts.  A 
turn  of  the  rod  makes  the  pin  strike  a  different  frame,  giving  a  different 
auxiliary.  The  rod,  when  pushed  in,  is  locked  by  an  iron  bar.  It  first  raises 
the  bar,  releasing  any  other  rod  that  may  have  been  in.  Hence,  finally,  to 
get  a  connection  between  any  thermo-element  and  its  auxiliary,  it  is  only 
necessary  to  push  the  rod  for  that  thermo-element,  paying  no  attention 
to  the  auxiliary  or  to  any  previously  connected  thermo-element;  and  the 
auxiliary  can  be  instantly  changed  for  any  thermo-element  by  rotating  the 
rod  between  the  thumb  and  finger.  J.  W.  T.  W. 

ALTERNATING  CURRENTS  AND   MAGNETISM. 

611.  Magnetic  Properties  of  Etecitxdytic  Iron  deposited  in  Magnetic  Fields. 
T.  So&6.  (Tohoku  Univ.,  Sci.  Reports,  4*  6.  pp.  818-821, 1916.)— An  experi- 
siental  investigation  of  the  magnetisation  and  hysteresis  curves  for  specimens 
of  iron  obtained  by  electro-deposition  in  magnetic  fields  varying  from  zero  up 
to  2600  c.g.s.  In  the  weaker  fields  the  deposition  took  place  in  the  centre  of 
a  vertical  magnetising  coil ;  In  the  zero  field,  in  a  horizontal  tube  placed 
E.  and  W.,  and  in  the  stronger  fields  the  voltameter  was  placed  between  the 
poles  of  an  electromagnet.  The  solution  used  in  the  weak  fields  was  a 
mixture  of  ferric  ammonium  oxalate  and  ammonium  oxalate,  the  anode 
being  a  Pt-wire  and  the  kathode  a  copper  tube.  The  solution  vms  kept 
in  continuous  circulation  and  ammonia  was  added  at  a  definite  rate.  An 
iron  wire  and  copper  tube  formed  the  anode  and  kathode  respectively  in 
a  solution  of  ferrous  sulphate  and  ammonium  chloride  for  the  deposition  in 
the  strong  fields.  The  measurements  were  made  by  the  magnetometer 
method,  and  the  results  are  represented  in  a  series  of  curves.  The  chief 
conclusions  to  be  drawn  are: — (1)  The  curve  of  initial  magnetisation  of 
specimena  obtaioed  by  depoaitioo  ia  a  ncignetic  field  lies  considerably  hi^er 
than  that  for  specimens  prepared  in  zero  field.  This  is  explained  on  the  same 
grounds  as  tlw  increase  of  magnetisation  in  ordinary  iron  by  mechanical 
tapping.  (2)  The  hysteresis  curve  for  electrolytic  iron  is  considerably  wider 
than  that  lor  ordinary  iron.  The  magnetic  field  applied  during  deposition 
does  not  sensibly  affect  the  hysteresis  curve,  but  the  quantity  of  ammonia 
added  has  aa  influence.  (8)  The  hysteresis  curve  becomes  gradually  flatter 
with  lapse  of  time^  and  this  flattening  can  be  accelerated  by  annealing.  L.  L. 

612.  The  HaU-effta  and  Allied  Phenomena  in  Tellurinm,  P.  I.  Wold. 
(Phys.  Rev.  7.  pp.  169-198^  Feb.,  1916.)— An  investigation  of  the  galvano-  and 
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tlienno-magnetic  properties  of  tellurium  for  field  strengths  up  to  15,000  c.g.s. 
and  the  variation  of  these  e£Fects  with  temperature  up  to  the  melting-point 
of  Te.  The  metal  was  in  the  form  of  a  thin]  plate  (4  cm.  x  2  cm.)  cast  in  a 
mould  of  asbestos  slate  under  an  atmosphere  of  hydrogen.  The  various 
leads  and  thermo-couples  were  fixed  in  position  before  pouring  the  molten 
metal.  The  plate  was  placed  in  the  centre  of  a  specially-constructed  electric 
furnace,  15  cm.  square  by  2  cm.  thick,  and  the  whole  fixed  between  the  poles 
of  a  Weiss  electromagnet.  Potentiometer  methods  were  used  for  measuring 
the  resistances  and  e*m.f.'s ;  longitudinal  temperature  gradients  were  pro- 
duced by  a  small  heating  coil  placed  at  one  end  of  the  plate.  Over  the 
range  investigated  the  author  finds  the  Hall  constant  practically  independent 
of  the  field  strength.  There  is  a  disymmetry  with  reversal  of  field,  but  since 
this  is  proportional  to  the  square  of  the  field  it  is  due  to  the  Hall  electrodes 
not  being  exactly  on  an  equipotential.  At  ordinary  temperatures  the  Hall 
constant  is  positive,  but  it  diminishes  rapidly  with  rise  of  temperature,  changes 
sign,  and  with  further  rise  of  temperature  reverses  to  positive  again.  The 
initial  value  depends  on  the  heat-treatment,  but  there  is  always  the  double 
reversal  as  the  temperature  rises.  It  is  only  at  ordinary  temperatures  that 
widely  different  values  of  the  constant  are  obtained ;  at  higher  temperatures 
the  curves  for  different  heat  treatments  approach  each  other,  and  the  reversal 
to  the  second  positive  value  occurs  at  245°  C.  This  behaviour  cannot  be 
regarded  as  due  to  impurities,  special  precautions  having  been  taken  in 
preparation  of  the  specimen,  and  analysis  showed  the  amount  of  oxide 
present  to  be  exceedingly  small.  The  author  considers  it  due  to  the  existence 
of  two  crystalline  forms,  a  and  /3.  According  to  Haken,  the  a  modification  is 
stable  below  854°  C.  and  the  /3  form  above  this  temperature.  The  author 
assumes  a  positive  Hall  constant  for  the  /3  modification  and  a  negative  for 
the  o.  As  theTe  is  cooled  the  /J  form  passes  into  the  a  form,  but  the  quantity 
making  the  transition  will  vary.  A  curve  connecting  thermoelectric  power  and 
temperature  has  a  shape  similar  to  that  for  Hall  constant  and  temperature. 

Attempts  were  also  made  to  measure  the  Hall  constant  in  liquid  Te, 
but  the  results  were  unsatisfactory.  Except  in  gases  the  Hall-effect  has 
not  been  observed  in  amorphous  substances.  A  Te  plate  was  prepared  by 
pressing  the  finely  precipitated  metal.  The  Hall  constant  was  small,  but 
2^  microphotograph  shows  considerable  crystalline  structure.  The  author 
suggests  that  a  crystalline  structure  is  essential  for  the  Hall-effect.  The 
change  of  resistance  in  the  magnetic  field  was  found  proportional  to  the 
square  of  the  field  strength.  The  resistance  of  Te  was  very  variable  at 
ordinary  temperatures,  depending  on  the  previous  heat-treatment,  but 
diminished  with  rise  of  temperature  and  in  ail  cases  approximated  to  the 
same  value  at  150°  C.  The  increment  in  resistance  in  the  magnetic  field  was 
greater  at  the  lower  temperatures,  the  curve  connecting  change  of  resistance 
and  temperature  being  very  similar  to  that  for  resistance  and  temperature. 
The  Ettingshausen^effect  was  found  to  be  proportional  to  the  field  strength 
and  to  increase  with  rise  of  temperature.  The  Nernst- effect  was  also 
approximately  proportional  to  the  field,  but  diminished  in  .value  with 
increase  of  mean  temperature  of  the  plate.  The  Leduc-effect  was  propor- 
tional to  the  field  strength.  A  diminution  of  about  19  %  in  the  thermal 
conductivity  was  observed  in  a  field  of  6500  cg.s.,  the  mean  temperature  of 
the  plate  being  45-3' C.  L.  L. 

613.  Damping  of  torsional  Vibrations  in  Nickel  Wire  in  n  Variable  Magnetic 
Field.    E.  Drago.    (N.  Cimento,  10.  pp.  448-467,  Nov.-Dec,  1915.)— The 
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nickel  wire  is  loaded  and  the  damping  of  the  torsional  vibrations  ot)6erved 
while  the  magnetic  field,  which  is  longitudinal,  is  produced  by  a  vertical 
solenoid.  In  the  first  experiment  an  annealed  nickel  wire  was  used,  the 
magnetic  field  of  178  gauss  being  reversed  at  each  simple  oscillation.  The 
amplitude  falls  from  889  to  45  in  SK)  simple  oscillations,  while  in  the  earth's 
field  only  it  falls  from  889  to  852  in  the  same  number  of  oscillations.  With 
iron  instead  of  nickel  the  fall  is  890  to  280.  With  the  nickel  wire  and  an 
alternating  current  of  periodicity  46  a  maximum  of  damping  occurs  with  a 
magnetic  field  of  48  gauss,  being  400  to  816  in  40  simple  oscillations. 
Oscillatory  magnetic  fields  were  also  used,  a  decrease  of  damping  (from  400 
to  808  in  80  simple  oscillations)  occurring  with  a  capacity  of  27  X  lO"'  mfd. 
to  lower  values  when  greater  capacities  are  used.  The  length  of  spark-gap 
employed  also  affects  the  damping.    [See  also  Abs.  1027  (1914).]         S.  G.  S. 

614.  Diurnal  Magnetic  Inequalities  at  Kew  from  1890-1900.  C.  Chree. 
(Roy.  Soc,  Phil.  Trans.  216.  pp.  187-277,  March  28. 1916.)— The  paper  gives 
a  most  detailed  discussion  of  the  Kew  magnetic  data  from  records  on 
ordinary  days  of  the  eleven  years  1890-1900,  and  any  attempt  at  summarising 
would  be  of  slight  value.  The  diurnal  inequalities  are  presented  as  tables 
giving  the  figures  for  each  hour  of  the  day ;  also  as  comparison  curves  for 
individual  months,  seasons,  and  sun-spot  epochs ;  and  again  as  the  instructive 
vector  diagrams  used  by  the  author  in  previous  investigations.  With  regard 
to  the  possibility  of  extra-terrestrial  influence,  it  is  stated  that  in  the  case 
of  the  mean  diurnal  inequality  for  the  year,  there  is  a  close  connection 
between  the  range  and  the  corresponding  sun-spot  frequency.  This  does  not 
necessarily  imply  any  close  connection  between  sun-spot  frequency  on  any 
given  clay  and  the  amplitude  of  the  regular  or  irregular  magnetic  changes  on  the 
same  day,  and  it  is  considered  difficult  to  think  of  any  cause  for  the  magnetic 
diurnal  inequality  other  than  electrical  currents  in  the  upper  atmosphere.  In 
temperate  latitudes,  whether  at  maximum  or  minimum,  regular  magnetic 
changes  are  most  rapid  during  the  day,  but  the  difference  between  day  and 
night  seems  reduced  to  sun-spot  maximum.  Whether  by  day  or  by  night,  the 
regular  changes  are  larger  in  sun-spot  maximum  than  in  sun-spot  minimum. 
The  most  natural  inference  is  that  direct  sunlight,  whether  there  are  or  are 
not  sun-spots,  increases  the  conductivity  of  the  upper  atmosphere,  and  the 
effect  persists  to  some  extent  during  the  night.  C.  P.  B. 

616.  A  Portable  Variometer  for  Magnetic  Surveying,  Q.  W.  Walker. 
(Roy.  Soc.,  Proc.  92.  pp.  818-821,  March  1,  1916.)— The  usual  method  of 
measuring  the  horizontal  component  of  the  earth's  magnetic  force  is  due 
to  Gauss,  and  consists  essentially  of  a  vibration  experiment  and  a  deflec- 
tion experiment.  The  whole  operation  cannot  be  completed  in  much  under 
an  hour.  The  author  states  that  the  average  error  in  readings  obtained 
by  this  method  is  not  likely  to  be  less  than  5y,  i,e.  5  parts  in  18,500, 
where  the  instrument  is  installed  in  a  fixed  observatory,  and  not  less 
than  three  times  this  value  under  the  conditions  prevsdling  in  a  mag- 
netic survey.  The  variometer  descrit>ed  in  the  paper  is  particularly  suitable 
for  this  latter  work,  where  it  is  rather  the  differences  in  the  force  at  dif- 
ferent places  which  are  primarily  to  be  measured  than  the  actual  values  of 
the  force.  The  apparatus  consists  of  a  small  magnet  suspended  horizontally 
by  a  quartz  fibre,  the  top  of  which  may  be  twisted  by  means  of  a  suspension 
head  until  the  magnet  takes  up  a  position  nearly  at  right  angles  to  the  mag- 
netic meridian  at  the  time.  A  telescope  is  fixed  to  the  framework  of  the 
instrument  for  reading  the  position  taken  up  by  the  magnet.  When  thus 
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snspended  the  angular  movement  of  the  magnet  relative  to  the  torsion  head 
is  proportional  to  the  change  of  horizontal  force,  after  application  of  a  tem- 
perature correction.  The  readings  are  uninfluenced  by  small  changes  of 
declination.  So  long  as  the  adjustment  of  the  torsion  head  is  not  changed  the 
readings  of  the  horizontal  force  may  be  directly  obtained  from  the  readings  of 
the  angular  position  of  the  magnet.  Further,  the  instrument  may  be  moved 
from  place  to  place,  and  provided  that  it  is  set  up  in  approximately  the  same 
position  with  reference  to  the  magnetic  meridian,  relative  values  of  the  hori- 
zontal force  at  the  different  places  will  be  given.  A  portable  instrument  was 
made  on  these  lines,  and  fitted  with  means  for  clamping  the  magnet  in  posi- 
tion to  prevent  damage  during  transit.  At  the  time  of  devising  this  instru- 
ment the  author  was  engaged  on  a  magnetic  survey  of  the  United  Kingdom, 
and  for  this  purpose  was  using  a  Kew  pattern  unifilar.  The  new  variometer 
was  therefore  designed  to  fit  directly  on  to  the  Kew  instrument,  so  that  the 
-same  relative  position  of  variometer,  unifilar  and  magnetic  meridian  was 
always  obtained.  In  the  course  of  a  survey  of  Ireland,  readings  were  taken 
at  each  station  by  means  of  both  the  new  and  old  methods,  and  the  compara- 
tive results  are  set  out  in  the  paper.  A  slow  secular  change  of  ly  per  day  was 
iound  in  the  zero  of  the  variometer,  due  probably  to  a  gradual  fall  in  the 
moment  of  the  magnet,  which  was  comparatively  new.  This  change  was 
allowed  for.  The  author  considers  that  the  investigation  supports  the  view 
-that  the  variometer  will  normally  give  the  force  within  5^,  while  the  unifilar 
in  the  field  will  normally  give  it  within  16y  only.  On  the  other  hand,  with 
the  variometer  access  is  required  at  intervals  during  a  survey  to  a  properly 
equipped  observatory  where  the  instrument  may  be  standardised.  There  can 
be  no  question  of  the  enormous  simplification  of  the  field  work  which  such  a 
portable  variometer  produces,  it  being  possible  to  obtain  a  reading  of  the 
horizontal  force  by  its  means  within  10  minutes  of  setting  up  the  instrument 
in  its  correct  position  relative  to  the  meridian.  Readings  can  also  be  taken 
at  night.  J.  S.  Di. 

RADIOGRAPHY  AND  ELECTROPHYSIOLOGY. 

616.  Radiography  of  Metals.  W.  P.  Davey.  (Am.  Electrochem.  Soc., 
Trans.  2a  pp.  407-418, 1915.)— The  results  of  the  examination  of  a  steel  cast- 
ing [Abs.  172b  (1015)]  were  so  promising  that  it  appeared  desirable  to  study 
ihe  general  technique  of  the  radiography  of  metals.  Formulae  have  been 
^worked  out  for  the  calculation  of  the  exposure  required  for  steel  plates  of 
various  thicknesses,  using  15-in.,  18-in.,  and  11-in.  spark-gaps.  While  the 
effective  penetration  at  a  IS-in  gap  is  greater  than  at  an  11-in.  gap,  no  greater 
penetration  is  obtained  by  the  use  of  a  15-in.  gap,  but  there  is  a  marked 
decrease  in  the  exposure  required  consequent  upon  the  increase  in  the  voltage 
across  the  tube.  At  present  It  is  impracticable  to  radiograph  through  more 
than  li  in.  of  steel,  and,  commercially,  radiography  is  only  possible  up  to  a 
ihickness  of  i  in.  The  saving  of  time  gained  by  the  use  of  a  15-in.  spark-gap 
as  against  a  18-in.  gap,  however,  points  to  the  fact  that  a  further  increase  of 
^e  voltage  across  ^e  tube  would  make  the  radiographing  of  still  greater 
thicknesses  of  steel  a  commercial  possibility.  Published  data  on  the  scatter- 
ing of  X-rays  in  Al  lead  to  the  expectation  that  the  use  of  high  voltages 
would  result  on  the  production  of  blurred  images,  but  this  does  not  appear  to 
be  the  case.  Experiments  show  that  by  the  use  of  a  15-in.  spark-gap  it  is 
possible  to  detect  an  air  inclusion  0*021  in.  thick  in  li  in.  of  steel,  and  an  air 
inclusion  0O07  in.  thick  in  |  in.  of  steel.  F.  C.  A.  H.  L. 
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617.  A  Marking  Apparatus  for  Localising  Prcjectiles  in  the  Wounded.  Le 
Mar^chal  and  Morin.  (Comptes  Rendus,  162.  pp.  282-288,  Feb.  7, 1016.)-- 
This  instrument  enables  the  normal  to  the  table  passing  through  the  foreign 
body,  together  with  the  distance  of  that  body  from  the  table,  to  be  found 
easily  and  exactly.  At  the  same  time  it  enables  the  necessary  cutaneous 
points  to  be  marked  with  the  greatest  exactitude.  The  part  £  is  a  horizontal 
fluorescent  screen.  When  the  pointer  l\  is  at  the  level  of  the  projectile  and 
points  towards  it,  the  shadows  on  the  glass  screen  of  the  point  /i  and  of  the 


Z±7 


Fig.  1. 


FIG.  2. 


projectile  are  in  the  same  line,  and  for  all  transverse  displacements  of  th& 
bulb  they  are  displaced  equally :  consequently  under  these  circumstances  they^ 
always  remain  in  the  same  line.  For  any  other  level  of  t\  the  displacements 
are  unequal.  This  affords  a  meaiis  of  regulating  the  height  of  /i.  /s  is  next 
placed  perpendicular  to  A>  and  the  arc,  shown  in  Fig.  2,  brought  into  the 
vertical  plane.  The  instrument  is  then  arranged  near  the  patient,  so  that  4 
is  in  the  vertical  with  the  projectile,  and  is  made  to  touch  the  skin  at  Rk 
The  projectile  is  then  at  the  meeting  of  t\  and  t%  produced,  and  consequently 
at  the  centre  of  the  spherical  surface  which  the  arc  describes  in  its  move- 
ment. A  mark  Rs  in  the  direction  of  t\  is  placed  upon  the  skin.  Lastly,  a 
third  mark  Ri  is  chosen  arbitrarily,  and  ^  is  brought  in  touch  with  it.  The 
position  of  the  nut  N  with  respect  to  the  supporting  column  is  noted,  and  also 
the  free  lengths  of  the  pointers  /i,  U,  and  ^.  With  these  data  it  is  always  ea^ 
to  arrange  the  apparatus  in  an  identical  position  with  respect  to  the  patient,, 
and  for  the  surgeon  readily  to  locate  the  projectile.  A.  £.  G. 
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CHEMICAL    PHYSICS    AND    ELECTRO-CHEMISTRY. 

618.  High-temperature  Investigations.  V.  Manganese  and  Carbon.  O.  Ruff 
and  W.  Bormann.  (Zeits.  Anorg.  Chem.  88.  pp.  865-885,  Sept  15,  1914.) — 
The  experiments  were  made  in  a  vertical,  tubular  electric  vacuum-furnace  in 
which  the  graphite  or  zirconia  crucible  is  so  mounted  within  a  tube  (sliding 
within  the  furnace  tube)  that  the  crucible  can  quickly  be  dropped  for  quench- 
ing. Temperatures  below  1500°  are  measured  by  thermo-couples,  above 
1500^  by  a  Wanner  pyrometer.  From  20  to  40  gm.  of  carbon  and  the  respec- 
tive metal  are  generally  fused  together.  In  order  to  secure  constant  tempera- 
ture the  crucible  is  very  slowly  heated  up.  Boiling-points  are  directly 
observed,  the  quiet  seething  following  incipient  spitting  being  taken  as  the 
proper  moment.  The  vapours  could  not  be  analysed,  and  their  composition 
is  found  by  determining  the  volatilisation  lasses  of  metal  and  of  carbon  ;  in 
such  tests  the  crucible  is  covered  with  two  perforated  discs  to  prevent  loss  by 
spitting.  Since  the  vapour  pressure  of  graphite  must  be  very  small,  even  at 
8000°,  it  is  assumed  that  the  carbon  percentage  in  the  vapour  indicates  the 
presence  of  a  corresponding  amount  of  carbide.  The  furnace  arrangements 
were  practically  the  same  for  all  the  papers  of  this  series.  The  manganese- 
carbon  diagram  had  last  been  investigated  by  Stadeler  in  1908,  and  the  authors 
supplement  his  work.  Their  manganese  was  of  98*68  %  (with  some  Fe  and 
Al,  0*25  %  of  insoluble  residue  and  0*02  %  C).  The  carbon  percentage  in  th& 
fused  mass  increases  as  the  temperature  rises  ;  at  1260"^  the  composition  of 
the  fused  mass  corresponds  exactly  to  MnsC;  the  solubility  of  carbon  as 
such  in  the  metal  is  very  small,  since  there  was  never  any  residue  of  carbon 
when  the  regulus  was  quenched  and  dissolved  in  hydrochloric  acid.  At  1525° 
the  solution  boils  under  80  mm.  pressure ;  it  then  contains  7*12  %  C  ;  the 
vapour  contains  1*94  %  C.  The  high  percentage  of  C  in  the  solution  (7*12)  is 
surprising,  because  the  dissociation  of  the  carbide  in  the  solution  can  only  be 
very  small,  considering  the  fact  mentioned  that  no  free  carbon  is  found. 
When  the  solution  boils,  vapour  and  solid  graphite  remain  behind.  As 
regards  the  nature  of  the  carbide  probably  present  in  the  vapour,  nothing 
can  be  said  ;  but  there  may  be  higher  carbides  than  MniC.  Pure  Mn  boils 
at  1500°  under  80  mm.  pressure.  H.  B. 

©19.  High-temperature  Investigations.  VI.  Nickel  and  Carbon.  O.  Ruff 
and  W.  Bormann.  (Zeits.  Anorg.  Chem.  88.  pp.  886-896,  Sept.  15, 1914.)— 
In  1912  Ru£E  and  W.  Martin  investigated  the  solubility  of  graphite  in  Ni  above 
1560^ ;  their  curve  did  not  agree  with  the  curve  of  Friodrich  and  Leroux  as 
to  lower  temperatures,  but  was  confirmed  by  Ru£E  and  Gersten.  The  present 
research  again  particularly  refers  to  Friednch  and  Leroux,  and  gives  the 
whole  Ni-C  diagram.  The  eutectic  point  is  1811°  at  2*2  %  C  (Fr-L :  1808- 
1810°,  2  to  2-5  %) ;  about  0fi5  %j  Q  is  hqld  in  soUd  solution.  The  solubUity  of 
C  incresises  as  the  temperature  rises  to. 2100°  (6*4  %  C)and  decreases  after- 
ward^ ;  the  composition  is  then  NitC  ;  at  2490°  the  mass  boils  at  80  tam^,  the 
carbon-content  then  is  6*8%,  and  the  solution  is  decomposed  into  graphite 
a^d  a  vapour  containing  0*28  %  Q,  probably  as  carbide.  Nickel  itself  melts 
at  about  2400P  under.  80  mm.  prcsssure.  .      H.  B. 
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620.  High-temperature  Investigations,  VII.  Iron  and  Carbon,  O.  Ru£F 
and  W.  Bormann.  (Zeits.  Anorg.  Chcm.  88.  pp.  897-409,  Sept.  15, 1914.)— 
The  diagram  had  previously  been  investigated  by  Ruff  and  Goecke,  and  the 
work  was  repeated  to  meet  the  criticisms  of  Wittorf  and  of  Hanemann ;  the 
results  are  a  confirmation  of  the  authors'  previous  work.  Iron  saturated 
with  7*54%  0  boils  at  2650  ±25°;  this  point  is  more  reliable  than  the 
melting-point  of  pure  iron,  which  seems  to  be  2450  ±  50°,  at  80  mm.  pressure. 
The  vapour  from  the  first-mentioned  saturated  solution  contained  only 
0^1  %  C ;  this  surprisingly  low  percentage  would  explain  why  iron  does  not 
take  up  much  carbon  in  steel  furnaces  when  an  arc  is  formed  between  the 
carbon  electrode  and  the  molten  iron.  H.  B. 

621.  High-temperature  Investigations,  VIII.  Cobalt  and  Carbon.  O.  Ruff 
and  F.  Keilig.  (Zeits.  Anorg.  Chem.  88.  pp.  410-428,  Sept  15,  1914. 
F.  Keilig*s  Dissertation,  Danzig.)— The  diagram  had  previously  been  inves- 
tigated by  Bcecker  (1912),  from  whom  the  authors  di£Fer  in  several  respects. 
Their  cobalt  was  oif  99*85  %,  containing,  in  addition,  Ni,  Fe,  Si,  and  a  trace 
of  Cu.  The  solubility  of  carbon  in  liquid  Co  is  2*4  %  at  the  eutectic  point, 
and  increases  up  to  7*8  %  at  2415°.  Above  that  temperature  it  is  all  vapour 
and  solid  graphite,  and  the  vapour  contains  2  %  (possibly  2'6)  C,  which  is 
extraordinarily  high.  The  boiling-point  of  pure  Co  seemed  to  be  2875^,  but 
may  be  higher.  An  inflection  in  the  curve  corresponds  to  the  carbide  CosC  ; 
but  this  carbide  decomposes  rapidly,  and  cannot  even  be  isolated  by 
quenching.  H.  B. 

622.  Physico-chemical  Studies  of  Antimony.  E.  Cohen  and  J.  C.  van 
den  Bosch.  (Zeits,  Phys.  Chem.  89.  pp.  757-760,  May  26,  1915.)— The 
authors  had  so  far  distinguished  four  allotropic  forms  of  antimony  : 
(a)  metallic,  bluish-white,  metallic  lustre,  occurs  in  nature,  crystallises  in 
the  hexagonal  system ;  (b)  black,  most  easily  obtained  by  condensing  vapour 
of  Sb;  passes  slowly  at  100°,  rapidly  at  40flP,  into  (a) ;  (c)  yellow,  from  the 
hydrogen  compound  at  —90°,  passes  into  (6  c) ;  (d)  explosive.  Fusing  over 
1  kg.  of  very  pure  Sb  (only  a  few  hundredths  of  1  %  impurities)  and  pouring 
the  metal  into  a  paper  cylinder  surrounded  by  a  freezing  mixture  of  solid 
CO»  and  alcohol,  they  obtain  a  metal  of  density  D?  6*6899,  which,  finely 
powdered  and  heated  to  102*5°  for  several  hours,  passes  into  a  metal  of 
density  6*6786  within  the  same  temperature  limits.  By  dilatometer  observa- 
tions the  transformation-point  is  fixed  at  101^.  They  hence  conclude  that  the 
ordinary  metallic  antimony  (a)  is  a  metastable  S3rstem  containing  sometimes 
more  than  two  modifications,  and  that  all  the  constants  ascribed  to  Sb  are 
more  or  less  accidental.  H.  B. 

623.  Boron  Steels.  G.  Hannesen.  (Zeits.  Anorg.  Chem.  89.  pp.  257- 
278,  Nov.  5, 1914.)— Goldschmidf  s  ferro-boron  (78*02  %  Fe,  21-08  B,  0*96  Al) 
is  fused  in  a  hydrogen  atmosphere  (not  very  suitable  above  1200°,  but  nitrogen 
is  out  of  the  question)  with  a  Krupp  steel  (0*07  %  C,  0*09  Si,  006  Mn),  and 
about  20  gm.  of  alloy  is  examined  in  each  case.  The  boron  steels  resemble 
carbon  steels  thermally  and  structurally,  bat  have  their  peculiarities  ;  there 
is,  e,g.,  no  boron-anstenite.  The  series  is  studied  up  to  8*5  %  B;  in  the 
presence  of  more  than  4  %  B  a  grey  powder  was  formed  by  heating  to  about 
1500°  for  10  mins.,  which  caused  difficulties ;  the  composition  of  this  powder 
is  not  yet  known.  The  maximum  of  the  freezing-point  curve  at  1851°  corre- 
fiponds  to  the   richest  boron  alloy  formed,  FesBi,  which  occurs  in  all 
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-solutions,  from  0*25  up  to  6*6  %  B ;  its  rhombic  crjrstals  arc  generally 
elongated  to  needles.  The  transformation  temperatures  of  the  original  iron 
^ere  :  r  —  /3  896^  /3  —  a  800° ;  these  temperatures  were  lowered  by  the 
addition  of  boron,  the  curves  for  different  small  boron  percentages  being 
all  fairly  parallel  to  one  another.  There  is  an  arrest  in  the  curves  of  all  the 
^utions  at  718**,  corresponding  to  the  liberation  of  FcsBt.  This  boride 
itself  and  all  the  alloys  are  ferro-magnetic.  There  is  a  boron-pearlite  ;  if  the 
metal  is  quenched  at  1100°  in  water  and  etched  with  alcoholic  picric  acid, 
however,  pearlite  is  no  longer  found,  and  the  steels  are  less  hard  than  those 
containing  the  pearlite.  By  etching  the  quenched  steel  with  4  %  nitric  acid 
and  isoamylalcohol  low-boron  steels  (up  to  0*25  %  B)  are  shown  to  consist  of 
very  small  grains ;  in  the  presence  of  more  boron  the  structure  is  marten- 
sitic,  but  there  is  no  boron  austenite,  perhaps  because  y  iron  dissolves  much 
less  boron  than  carbon.  The  hardness  rises  in  slowly-cooled  specimens 
with  the  boron  percentage,  from  5  or  6  on  the  Mohs  scale  to  8  and  9,  corun- 
dum being  attacked  by  steels  with  8-6  %  B.  H.  B. 

024.  Microscopical  Changes  accompanying  the  Annealing  of  Cast  Bronze. 
H.  S.  Rawdon.  (Bureau  of  Standards,  Technol.  Papers  No.  60.  [17  pp.] , 
Washington,  1916.)— This  paper  deals  with  the  effect  of  annealing  on  bronz« 
consisting  of  Cu  88,  Sn  10,  Zn  2.  The  dendritic  structure  is  found  to  persist 
nntil  the  specimens  have  been  heated  for  approximately  2  hours  at  800°.  In 
-samples  which  solidified  very  slowly,  4  hours'  heating  at  800°  is  required  for 
the  absorption  of  the  entectoid  ;  this  is  longer  than  the  time  required  in  the 
case  of  specimens  solidified  more  rapidly,  and  is  probably  due  to  the  larger 
■size  of  the  eutectoid  inclusions  in  the  former  case. 

No  evidence  is  obtained  suggesting  a  change  of  crystal  size  of  cast  samples 
vhich  have  not  been  distorted  previous  to  annealing. 

Recrystallisation,  including  "  twinning,"  is  found  only  to  follow  distortion 
cr  its  equivalent;  metal  cooled  suddenly  from  the  molten  state  behaves 
similarly  because  of  the  high  internal  stresses  resulting.  The  progress  of 
recrystallisation  on  annealing  for  different  periods  of  time  at  the  same 
temperature  is  in  agreement  with  Tanmiann's  theory  which  implies  that 
for  any  given  temperature  the  final  cr3rstal  size  is  a  determined  one. 

Apart  from  crystal  size  and  shape,  and  twinning,  the  condition  of  the 
material  annealed  after  casting  and  the  same  material  annealed  after  a 
preliminary  distortion,  is  the  same.  C.  O.  B. 

626.  New  Thermoelectric  Method  for  the  Study  of  the  Allot  ropy  of  Metals. 
C.  Benedicks.  (Comptes  Rendus,  162.  pp.  297-299,  Feb.  21, 1916.)— In  a 
closed  circuit  made  up  of  a  homogeneous  metal,  no  e.m.f .  results  on  changing 
the  temperature  of  any  portion  of  the  circuit  Even  if  the  metal  does  possess 
an  allotropic  change-point,  no  e.m.f.  is  produced  if  the  heating  be  stationary, 
])ecause  the  potentials  of  the  two  phases  balance  each  other.  If,  however, 
the  heating  is  not  stationary,  the  contact  surfaces  of  the  two  phases  may 
acquire  different  temperatures,  when  an  e.m.f.  will  be  developed.  This 
principle  has  been  applied  to  the  study  of  the  allotropy  of  iron  by  causing 
wires,  containing  0*10  %  carbon  and  only  very  small  amounts  of  other 
impurities,  to  traverse  a  small  electric  furnace,  the  central  temperature  of 
virhich  was  measured  by  means  of  a  thermo-couple.  Deflection-temperature 
corves  show  that  no  effect  is  produced  at  temperatures  t>elow  600*^  C.  Be- 
tween 60QP  and  876^  the  effect  is  slight  but  continuous^  while  at  875^  there  is  a 
VOL.  XIX.— A.— 1916. 

Digitized  by  VjOOQ IC 


228  SCIENCE  ABSTRACTS. 

marked  discontinuity  in  the  carve  indicating  the  A8  point  A  more  detaile<f 
investigation  of  the  range  between  700°  and  800°  shows  that  there  is  no- 
discontinuity  to  indicate  the  position  of  A2.  A  sample  of  pure  electrolytic 
iron  gave  similar  qualitative  results.  The  author  considers  that  the  results- 
confirm  his  theory  as  to  the  non-existence  of  A2  as  an  allotropic  change-point 
in  iron.  F.  C.  A.  H.  L.. 

626.  Copper-Nickel  and  Cobalt  Alloys,  M.  TVaehlcrt,  (Oesterr.  Zeits.  f. 
Berg-u.  Huttenwesen,  62.  pp.  841-846,  857-861,  874-878,  892-895,  406-410, 
1914.  Chem.  Zentralblatt,  II.  pp.  919-920,  1914.)— The  thermal,  magneto- 
metric  and  mechanical  investigation  concerns  binary  alloys,  including  Monel 
metal  (ICu  +  4Ni),  and  the  ternary  system  Ni-Cu-Co.  The  materials  were 
electrolytic  Cu  and  electrolytic  Ni ;  the  Co  was  reduced  by  means  of  hydrogen 
from  its  protoxide ;  the  alloys  were  fused  in  carbon  tubes  heated  in  Fried- 
rich  porcelain  gas-furnaces,  under  protective  salt  layers.  A  platinum  furnace 
was  built  into  the  magnetometer,  of  which  a  detailed  description  is  given.^ 
As  regards  Ni-Co  and  Cu-Co,  the  author  agrees  in  the  main  with  Ruer  and 
Kaneko  and  with  Sahmen  respectively.  No  new  phenomena  were  discovered 
in  the  ternary  alloys.  To  secure  great  hardness  in  copper  allo3rs,  Co  and  Ni 
should  be  added  in  equal  proportions.  All  the  alloys  are  attacked  by  nitrie 
acid,  but  resist  sulphuric  acid ;  the  addition  of  Co  favours  corrosion.  Monel 
metal  is  found  to  be  the  most  acid-proof  of  the  alloys  examined*  H.  B.. 

627.  Freezing-point  SolubiMy  Law  for  Ideal  Solutions.  E.  TV.  Washburtt 
and  J.  W.  Read.  (Nat.  Acad.  Sci.,  Proc.  pp.  191-195,  April,  1915.)— Two 
completely  miscible,  pure  liquids  may  dissolve  in  one  another  without  appre- 
ciable heat  effect  or  change  of  volume,  if  the  two  constituents  resemble  each 
other  very  closely ;  such  solutions  are  called  "  ideal."  The  vapour  pressure 
pA  of  the  constituent  A  in  such  a  solution  is  proportional  to  the  mole-fraction  4r 
of  that  constituent  in  the  solution,  or  dp^^^kdxx^  Prom  this  equation  the 
other  laws  of  ideal  solutions  can  be  deduced  thermodynamicalty,  and  the 
freezing-point  solubility  relation  was  chosen  to  test  the  accuracy  of  the  laws- 
of  ideal  solutions.  For  the  two  substances  A  and  B  the  increase  in  the  mole^ 
fraction  is  given  by  cfT/ilvA  =»  RT»/La:i^,  and  similarly  for  B,  where  T  is  the^ 
absolute  temperature  of  the  freezing-point  and  L  the  molecular  heat  of  fusion^ 
The  L  values  for  benzene,  drphenyl,  naphthalene  are  2870,  4020,  4560  cals.,. 
the  melting-points  5*48°,  68^5°i  80*09°  in  the  same  order.  The  eutectic 
points  found  (and  calculated)  by  the  authors  are  :  benzene-naphthalene 
—  8-48  (—  8-56)°  ;  benzene-diphenyl  —  58  (—  6-1)*'  ;  naphthalene-diphenyl 
-f  89*4  (89*4)° ;  these  determinations  were  made  by  an  equiUbrium  method, 
the  assumption  being  that  L  is  independent  of  T  for  the  range  involved,, 
which  is  questionable  for  diphenyl.  The  agreement  is  close,  however,  and 
the  solutions  may  be  considered  ideal.  Under  two  conditions  the  freezing- 
point  or  solubility  of  a  solid  in  a  liquid  may  hence  be  calculated  :  (1)  the  heat 
of  solution  must  be  zero  for  the  range  involved,  (2)  the  dilution  of  the  solution 
must  not  involve  any  chemical  change.  It  then  follows  that  when  a  crystal- 
line substance  A  forms  an  ideal  solution  with  B  the  mole-fraction  is  entirely 
independent  of  the  nature  of  the  solvent  B  and  therefore  the  same  for  all 
solvents,  depending  merely  upon  the  melting-point  of  A,  its  heat  of  fusion,, 
and  temperature.  This  rule  was  discovered  by  Schroder  (Zeits.  Phys.  Chem» 
11.  p.  49,  1898),  but  has  not  received  attention.  The  considerations  further 
furnish  a  ready  method  for  detecting  the  presence  of  racemates  in  the  liquid 
state.  H.  B. 
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628.  Ice  Crystallisations  from  Aqueous  Solutions,  R.  Hartinann.  (Zeits. 
Anorg.  Chem.  88.  pp.  128-182,  Aug.  6,  1914.) — ^The  solutions  contain  cane 
sugar,  glycerol,  alcohol,  NaBr,  MnSOi,  NaOH,  FeCls,  or  HCl,  etc.,  in  water, 
and  are  undercooled,  with  the  two  last-mentioned  solvents,  to  —88  and 
40®  C.  The  cr)rstallites  then  separating  are  of  four  or  five  types  :  (a)  the 
skeletons  or  nuclei  are  hexagonal  or  rectangular  in  outline,  but  the  three  or 
two  (rectangle)  axes  cross  in  both  cases  at  60°  ;  (b)  and  (c)  spherulites,  radial 
or  built  up  of  plates ;  (rf)  feathery  growths.  With  moderate  undercooling  (a) 
is  obtained  ;  (b)  and  (c)  with  heavy  undercooling ;  (d)  in  very  dilute  solutions, 
whatever  the  cooling.  In  order  to  see  whether  the  nuclei  have  all  the  same 
melting-points,  they  were  placed  in  water  at  —2°  and  then  very  slowly  heated 
up,  differences  of  0001  deg.  C.  being  observable ;  the  melting-points  were 
always  found  normal.  In  the  case  of  the  two  (a)  types,  the  linear  velocity 
of  cr3rstal]isation  was  further  determined ;  no  differences  were  observed. 
When,  in  the  spontaneous  crystallisation,  a  nucleus  happens  to  settle  on  the 
glass  surface  with  its  base,  a  hexagon  seems  to  be  formed ;  when  with  its 
rectangular  edge,  a  rectangle  is  formed.  H.  B. 

629.  Solutions  of  Metals  in  Boiling  Mercury.  £.  Beckinann  and  O. 
Liesche.  (Zeits.  Anorg.  Chem.  89.  pp.  171-190,  Oct.  20, 1914.)— The  appa- 
ratus for  ebulKospopic  experiments  is  made  of  Jena  borosilicate  glass  19^' 
and  takes  200  gm.  of  mercury  which  is  well  stirred  to  avoid  the  bumping 
of  the  boiling  metal ;  an  atmosphere  of  COi,  and  a  tin  bath  (895°  C.)  are 
used.  The  results  of  such  experiments  have  sometimes  been  interpreted 
as  giving  abiiormally  high  or  low  molecular  weights;  the  authors  refer 
them  to  the  ebullioscopic  constant,  stating  the  elevation  of  the  boiling-point 
produced  by  dissolving  1  gm.-atom  of  a  metal  in  a  solvent.  When  the 
<^nstant  turns  out  too  high,  an  addition  of  solvent  to  the  solute  is  assumed  ; 
this  addition  is  much  more  important  in  the  case  of  mercury  than  with 
other  solvents,  because  the  atomic  weight  of  mercury  is  high,  200,  and  the  ' 
amalgams  are  very  rich  in  mercury.  The  value  114  is  accepted  for  the 
ebullioscopic  constant  of  mercury.  Experiments  were  made  with  a  large 
number  of  metals  of  different  groups.  The  Bietals  of  the  alkalies  and 
alkaline^earths  as  well  as  thallium  yield  too  high  a  constant,  so  that  the 
amal^un  seems  to  be  associated  with  mercury,  the  formulas  being  appar-^ 
-ently :  NaHgs  or  NaHgs,  KHgw  or  KHgu,  CaHgio.  The  metals  Cd,  Zn,  Ag, 
Au  seem  to  give  monatomic  solutions,  without  association  ;  Sn,  Pb,  Bi  incline 
to  association.  H.  B. 

680.  Lowering  of  the  Vapour  Pressure  of  Water  produced  by  Dissolved 
JPotassium  Chloride.  B.  F.  Lovelace,  J.  C.  W.  Prazer,  and  E.  Miller. 
(Am.  Chem.  Soc,  J.  88.  pp.  515-528,  March,  1916.)— The  authors  have  prc- 
-viously  described  a  static  method  [see  Abs.  471  (1916)]  for  the  study  of  the 
vapour  tension  of  aqueous  solutions,  and  the  present  paper  contains  a  detailed 
record  of  certain  alterations  made  to  improve  its  efficiency.  They  now  claim 
their  apparatus  to  be  capable  of  giving  the  vapour  tension  depressions  of 
aqueous  solutions  correctly  to  OOOl  mm.  or  less.  The  principal  changes 
made  sire :  (1)  The  alterations  of  the  thermostat  and  tbermo-regulator 
designed  to  secure  ^  more  nearly  constant  temperature,  and  (2)  the  intro- 
'doction  of  a  method  for  the  continuous  stirring  of  the  solvent  and  solutions 
while  in  a  vacuum.  The  temperature  of  the  thermostat  can  be  maintained 
-constant  to  0*001  deg.  for  periods  of  12  hours  or  more.  After  the  absorption 
^f  the  water-vapour  a  more  sensitive  McLeod  gauge  has  been  introduced  for 
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measuring  the  residual  air-pressure,  and  actual  observations  of  the  vapour- 
pressure  lowering  are  only  made  after  this  gauge  registers  less  than  0*0001  mm» 
Under  these  conditions  the  vapour-pressure  lowering  of  a  given  solution 
remains  constant  for  days  to  0*001  mm.  Solutions  of  potassium  chloride 
varying  in  concentration  from  0*2  M  to  2*0  M  have  been  studied.  It  has  been 
shown  by  the  analysis  of  the  solutions  from  the  apparatus  after  the  measure- 
ments have  been  made,  that  the  change  of  concentration  of  the  solutions 
during  the  process  of  removing  the  dissolved  air  and  measuring  the  vapour- 
tension  lowerings  is  small  enough  to  be  neglected.  The  most  striking  feature- 
of  the  experimental  results  is,  that  for  all  concentrations  investigated,  the 
molecular  lowering  of  vapour  tendon  is  the  same.  Similar  results  have  been 
obtained  by  Tower  and  Germann  from  a  study  of  the  vapour  tension  of 
alcoholic  solutions  of  potassium  bromide  and  lithium  chloride.  Whether  this, 
phenomenon  can  be  explained  by  the  combination  of  the  solvent  and  solute,, 
as  suggested  by  Tower  and  Germann,  cannot  be  decided  until  the  rigid 
applicability  of  Raoult's  law  has  been  tested  with  some  non-electrolyte  over 
the  same  range  of  concentration.    This  the  authcMTs  purpose  doing. 

Tables  and  illustrations  are  given.  H.  H.  Ho» 

631.  Stability  and  Oxidation  Potential  of  Hypochlorites,  Catalysis  and  a 
Hypochlorite'Carbon  Cell.  K.  A.  Hofmann  and  K.  Ritter.  (Deutsch. 
Chem.  Gesell.,  Ber.  47.  pp.22a8-2244,  July,  1014.)— Pure  calcium  hypochlorite,, 
free  from  calcium  chloride,  having  become  obtainable  from  the  Griesheim- 
Elektron  Works,  the  authors  investigated  its  behaviour  on  heating  up  to  90° 
and  in  the  presence  of  COt  and  also  of  catalysts,  comparing  it  with  the 
behaviour  of  other  hypochlorites  (Na,  K)  and  of  chloride  of  lime  (bleaching 
powder).  In  dry  air  free  from  COt,  there  is  no  difference  between  the  Ca- 
hypochlorite  and  bleach,  and  very  little  evolution  of  chlorine  even  at  90^ ;  in 
moist  air  the  bleaching  powder  loses  more  chlorine ;  in  a  current  of  moist  C0» 
they  both  (and  mixtures  of  the  calcium  hypochlorite  and  chloride  as  well)  lose 
all  their  active  chlorine.  As  regards  available  oxygen,  bleach  will  hardly 
contain  more  than  0O27  gm./cm'.,  whilst  the  pure  calcium  hypochlorite  con* 
tains  0*058  gm.  With  respect  to  catalysts  which  are  added  to  increase  the 
oxidising  power  of  hypochlorites,  hydrogen  peroxide,  etc.,  it  is  necessary  to 
distinguish  between  (a)  oxygen-liberating  catalysts  (powdered  iridium,  cobaltic 
oxide),  and  (b)  oxygen-carriers  (osmium  tetroxide) ;  (a)  catalysts  cannot 
promote  oxidation,  because  they  remain  themselves  unchanged,  and  when 
Ir  is  added  to  mixtures  of  organic  compounds  and  hydrogen  penndde^ 
oxygen  gas  is  liberated  (not  in  statu  nascendi—i,e,  not  in  atomic  form,  as  is 
often  assumed),  but  the  oxidation  is  not  promoted*  Hence  (a)  catalysts 
do  not  affect  the  e.mi.  cither.  In  determining  the  oxidation-potentials  of 
hypochlorites  (mixed  with  the  hydroxide  of  calcium  or  with  soda),  unattack- 
able  electrodes  had  to  be  found ;  as  such  answer,  Pt,  Au,  magnetite,  and 
(in  absence  of  CO»)  also  Cd,  Fe,  Sb,  Ag;  graphite  and  lampblack  are 
attacked.  The  potential  of  the  calcium  hypochlorite  against  the  calomel 
electrode  is  Ccss  0*608  volt,  against  the  hydrogen  electrode  m^b  0*988; 
bleaching  powder  gave  nearly  the  same  but  unstable  values ;  the  alkalinity 
affects  the  potential,  dilution  but  little.  A  fairly  satisfactory^  galvanic 
cell  was  built  up  of :  Pt  in  alkaline  hypochlorite  |  CaClt  of  20  %  |  iron 
in  20  %  FeClf ;  this  gave  1*82  volts,  but  only  88  %  of  the  avaikible  oxygen 
was  utilised  for  current  generation.  By  replacing  the  iron  by  zinc  in  ZnCb, 
the  values  were  raised  to  1*71  volts,  and  68  %.  The  combination :  Pt  in 
sodium  hypochlorite  and  carbonate  |  20  %  NaCIi  |  10  %  caustic  soda  and  zinc 
VOL.  zix.— A.— 1916. 
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oxide  and  zinc  gave  2'SS4  volts  and  a  yield  of  92  %.  Experiments  were  then 
made  with  carbon  (charcoal  from  beechwood,  etc.,  or  sugar).  Electrodes 
containing  this  charcoal  within  the  meshes  of  Pt-wire  gauze  gave  +  0*12 
volt  against  hydrogen  electrode  in  2N-NaOH,  and  +  07  volt  in  IN-HCl ;  but 
the  hypochlorite  solutions  had  to  be  alkaline.  Hence  the  combination :  Pt 
in  sodium  hypochlorite  and  soda  |  2N-NaOH  |  beechwood  electrode  in 
2N-NaOH  ;  this  gave  0*76  to  (H)l  volt,  and,  when  coupled  with  a  silver  volta- 
meter, a  current  yield  of  76  %  ;  the  oxygen  was  almost  entirely  spent  in 
oxidising  the  carbon  to  COt.  Such  cells  might  answer  ;  but  experiments  are 
being  made  to  utilise  oxygen  directly  instead  of  using  the  rather  expensive 
hypochlorite ;  bleach  solutions  are  too  unstable.  H.  B. 

632.  The  Hypochlorite  Carbon  Cell ;  New  Type  of  Galvanic  Element,  A. 
Thiel.  (Zeits.  Elektrochem.  21.  pp.  825-829,  July  1, 1915.)— In  the  course  of 
an  investigation  of  hypochlorites,  their  stability,  oxidising  power,  potential 
and  behaviour  under  catalysis,  K.  A.  Hofmann  and  K.  Ritter  [see  preceding 
Abs.]  built  up  various  couples  depending  upon  the  ordinary  powers  of  hypo- 
chlorites. Carbon  does  not  emit  ions,  neither  does  it  absorb  them.  The  new 
cell  does  not  belong  to  the  type  of  Jacques'  so-called  carbon  ceil,  which  was 
really  an  oxy-hydrogen  couple.  The  Smee  cell  (amalgamated  zinc,  sulphuric 
add,  and  Pt)  is  probably  an  analogous  case  when  provided  with  a  depolariser 
(the  chromic  acid  of  the  Grove  cell).  In  the  new  cell,  the  negative  electrode 
is  depolarised  by  the  charcoal,  so  that  COs,  not  O,  is  liberated  at  the  electrode 
and  absorbed  by  the  caustic  soda.  The  energy  is  the  same  as  that  of  the 
oxidation  of  the  carbon,  yet  there  is  no  real  equilibrium,  the  rate  of  depolar- 
isation  being  the  main  factor.  The  carbon  acts  as  depolariser,  not  electro- 
chemically,  but  merely  chemically,  and  in  so  far  the  cell  constitutes  a  new 
t3rpe.  As  molecular  oxygen  is  inert,  it  will  be  difficult  to  utilise  atmospheric 
oxygen  in  the  cell.  H.  B. 

633.  Factors  affecting  the  E,MS,  of  Binary  Solid  Alloys,  D.  P.  Smith  and 
N.  T.  Gordon.  (J.  Phys.  Chem.  20.  pp.  228-242,  March,  1916.)— Preliminary 
experiments  have  been  made  with  brass  with  the  object  of  determining  the 
factors  a£Eecting  the  potential  of  a  solid  binary  alloy.  Chief  among  these 
factors  are  (a)  heat  treatment  and  surface  treatment,  and  {h)  composition  of 
the  electrolyte  against  which  the  e.mi.  is  measured.  The  electrolyte  was  kept 
as  still  as  possible,  the  flow  of  nitrogen  through  the  apparatus  being  suspended 
prior  to  the  commencement  of  the  observations.  The  brass  was  prepared  by 
fusing  together  "  Kahlbaom  "  zinc  and  copper  under  borax,  eight  horizontal 
layers  which  were  cut  exhibiting  a  regular  variation  in  composition  from 
50^7  %  Ca  at  the  top  to  49*54  %  at  the  bottom.  It  is  found  that  a  highly 
uniform,  well-annealed  brass,  the  surface  of  which  is  subjected  to  no  mechanical 
treatment  from  one  experiment  to  the  next,  may  give  a  potential  reproducible 
to  within  a  few  millivolts,  in  spite  of  slight  differences  in  the  Cu-content  of 
the  electrolyte.  This  result  indicates  that  changes  in  the  composition  of  the 
electrode  surface  play  a  greater  part  than  do  changes  in  the  composition  of 
the  electrolyte  in  the  attainment  of  equilibrium  between  the  two.  Besides 
emphasising  the  necessity  of  employing  the  equilibrium  electrolyte,  if  the 
potential  of  a  surface  of  known  composition  is  to  be  ascertained  with  accuracy, 
the  results  furnish  evidence  of  the  great  uniformity  of  the  alloy,  since  in  each 
instance  the  values  show  a  very  gradual,  steady  "  drift,*'  the  sense  of  which  is 
determined  by  the  composition  of  tlie  electrolyte,  instead  of  the  highly  irregular 
rise  and  fall  of  several  centivolts  or  even  decivolts  observed,  for  example,  by 
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Broniewski  [Abs.  Nos.  518,  044  (1911)]  with  Al  alloys  prepared  without  special 
-care  to  secure  uniformity.  Surface  treatment  produces  a  marked  influence, 
giving  rise  to  "drifts,"  the  direction  of  which  cannot  be  foreseen.       T.  H.  P. 

634.  E.M,F.  and  Change  of  Inner  State  of  the  Daniell  Cell,  Z.  Samesima. 
<Math.  Phys.  Soc,  Tdky6,  Proc.  8.  pp.  870-881,  Feb.,  I916.)--After  a  short 
historical  introduction  the  author  gives  details  of  the  experiments  he  has 
carried  out  on  the  e.m.f.  of  a  Daniell  cell,  as  influenced  by  various  factors. 
Using  twice-normal  solutions  of  copper  sulphate  and  zinc  sulphate,  it  is  found 
that  cells  built  up  with  and  without  porous  pots  as  diaphragm  give  the  same 
•e.m.f.  to  two  places  of  decimals ;  the  cells  with  porous  pots  give  a  slightly 
higher  e.m.f.  in  the  third  decimal  place.  A  bright  copper  electrode  gives  a 
higher  e.m.f.  than  an  electro- deposited  one,  possibly  because  of  strain  existing 
in  its  inner  structure.  Details  are  also  given  of  the  e.m.f.'s  of  cells  constructed 
with  ordinary  commercially-pure  materials. 

The  influence  of  time  on  the  e.mi.'s  ci  a  number  of  cells  was  also  investi- 
^ted.  AH  the  cells  were  kept  on  open  circuit,  save  when  the  measurements 
were  made,  except  one  cell  which  was  kept  closed  through  a  resistance  of 
10,000  ohms ;  the  electrol}'tes  used  were  twice-normal  solutions,  and  one  cell 
was  kept  under  diminished  pressure  in  order  to  remove  any  gas  formed  at  the 
-electrodes.  No  noticeable  difference  in  e.m.f.  was  found  whether  the  cell  was 
kept  on  open  or  closed  circuit,  and  the  gas  evolved  at  the  zinc  electrode  had  very 
little  effect.  The  e.m.f.  of  a  cell :  amalgamated  Zn  |  2N  —  ZnSOi  |  bright  Cu, 
was  about  the  same  as  that  of  a  Daniell  cell,  and  remarkably  constant  with 
time.  In  some  cases  it  was  noticed  that  after  8  or  4  days  copper  deposited 
itself  on  the  outer  surface  of  the  porous  pot.  Special  experiments  gave  the 
-following  explanation  :  The  zinc  electrode  gradually  becomes  covered  with 
•spongy  Cu,  owing  to  the  diffusion  of  copper  sulphate  through  the  porous  pot. 
The  quantity  of  spongy  copper  gradually  increases  until  it  reaches  the  walls 
of  the  pot,  through  the  pores  of  which  the  growth  of  copper  gradually  makes 
its  way.  On  reaching  the  outer  side  of  the  pot,  the  growth  jcontinues  and 
•becomes  self-evident  T.  S.  P. 

636.  Use  of  Hydrofluoric  Add  in  Separation  of  some  Heavy  Metals  from  Tin, 
Antimony,  Tungsten,  and  Afofybdenum  by  means  of  Electric  Current,  Le  R.  W. 
McCay  and  N.  H.  Furtnah.  (Am.  Chem.  Soc,  }.  88.  pp.  640-652,  March, 
1916.) — Using  the  nitrohydrofluoric  acid  electrolyte  previously  described  [see 
Abs.  280  (1915)],  the  authors  give  the  experimental  details  necessary  for 
carrying  out  successfully  the  following  separations :  Ag  from  Sn  and  Sb ; 
Hg  from  Sn  and  Sb  ;  Cu  from  W  ;  Cu  from  Mo ;  Cu  from  W  and  Mo ;  Pb 
from  W;  Pb  from  Mo;  Pb  from  Wand  Mo;  Hg  f rom  W  ;  Hg  from  Mo; 
Hg  from  Sn,  Sb,  W,  and  Mo ;  Ag  from  Sn,  Sb,  W,  and  Mo ;  and  Cn  from  Sn, 
Sb,  W,  and  Mo.  T.  S.  P. 
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636.  Practical  Mtihod  of  Tracing  Curves.  A.  H.  Shield.  (Inst.  Civ. 
Eng.,  Proc.  199.  pp.  480-440,  1914-1915.)— The  method  here  described, 
though  not  matheir^cally  correct,  is  nevertheless  sufficiently  accurate  for 
most  practical  purposes.  With  ordinary  care  and  skill  a  parabola,  hyperbola, 
or  logarithmic  curve  can  be  drawn  with  the  same  approach  to  accuracy  as  a 
circle  is  drawn  with  the  usual  drawing  instruments.  Further,  it  can  be. 
drawn  much  more  qoiclcly  and  more  neatly  than  by  determining  points  in  the, 
curve  by  computation,  or  by  intersections,  and  subsequently  tracing  the 
curve  through  these  points.  The  practical  use  of  the  method  is  limited  to 
those  curves  for  which  the  quantity  d  ssyKdyjdx)  takes  a  simple  or  easily 
computed  form.  To  make  use. of  this  quantity  d  for  drawing  a  curve,  a 
number  of  lines  are  taken  at  short  distances  apart  and  a  point  Pi  on  the 
curve  having  been  found  by  computation  or  otherwise,  tangents  are  drawn  in 
the  direction  of  points  Qi,  Qt,  Qt,  etc.,  on  the  ;r^axis,  located  at  distances 
diy  dt,  di,  etc.,  respectively  from  the  vertical  lines  passing  through  the  points 
Pi,  Pf,  Ps,  etc.,  through  which  the  tangents  are.  drawn.  Each  tangent  is 
drawn  from  a  point  midway  between  t^o  vertical  lines  to  a  point  midway 
between  the  neiet  pair.  The  result  is  a  series  of  tangents  which,  if  the 
vertical  lines  are  taken  sufficiently  close  together,  is  indistinguishable  from  a 
smooth  curve.  The  error  involved  in  the  assumption  that  the  enveloping 
tangents  intersect  midway  between  the  ordinates  may  be  .  kept  within 
assigned  limits  by  taking  the  ordinates  sufficiently  close  together.  Three 
general  t3rpes  of  curve  may  be  treated  easily  by  this  method :  (1)  >'  »=  cx^,  for 
w\ddi,d=sxln;  (^)  yssa^,  for  which  d^llb;  (8)  ys&ca^,  for  which 
^asl/logf  a.    A  number  of  illustrative  diagrams  are  given.  A.  W. 

637.  The  Current  "  DefiniHon  "  cf  Energy.  M.  M.  Garv^.  (Science,  48. 
pp.  M7-571,  April  21,  1916.)— This  letter  to  the  editor  refers  to  the  view 
taken  by  Millikan  of  the  existing  confusion  in  the  use  of  the  word  "  energy  " 
in  many  text-books.  Garver  considers  that  if  we  acc^i  the  conservation  of 
energy  as  an  established  principle,  then  we  must  accept  the  legitimate  deduc^ 
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tions  from  it  or  abandon  it  as  a  principle.  Neither  the  view  that  energy  is  a 
capacity  of  doing  work,  nor  the  view  that  makes  work  a  "  form  of  energy  "  is 
consistent  with  considering  work  a  transference  of  energy ;  also  while  the  last 
view  is  consistent  with  the  principle  of  conservation  the  other  two  are  not 

L.  H.  W. 

638.  Viscosity  of  Liquids.  III.  Q.  Zempl^n  and  B.  Pog4ny.  (Ann.  d. 
Physik,  49. 1.  pp.  89-70,  Feb.  4, 1916.)— By  means  of  Zemplen's  apparatus  for 
investigating  the  viscosity  of  gases  [see  Abs.  1168  (1912)],  the  viscosity  of 
water  has  been  measured  by  the  deflection  method,  the  period  of  rotation  of 
the  outer  sphere  varying  from  0*17  sec.  to  9800  sees.  At  18^  the  coefficient 
of  viscosity  is  found  to  be  ms  =  0*010562.  Graphical  treatment  of  the  experi- 
mental data  shows  that  the  regularity  relating  to  tho  moment  of  the  viscous 
forces,  deduced  by  Zemplen  and  verified  in  the  case  of  gases,  also  holds  with 
water.  Within  the  region  of  velocity  investigated  no  turbulent  motion  occurs, 
whereas  such  should  be  the  case  if  Reynolds'  criterion  were  applicable  to  the 
liquid  between  the  two  spherical  surfaces.  The  results  show  further  that  the 
criterion  of  Rayleigh  and  Lamb  indicating  the  limits  of  applicability  of 
the  formula  for  slow  movements,  agrees  so  far  as  order  of  magnitude  is  con- 
cerned in  the  case  of  water,  but  gives  a  value  50  to  100  times  too  small  in  the 
case  of  gases.  From  the  results  obtained  with  spheres  of  different  radii  the 
conclusion  is  drawn  that  with  quite  slow  revolutions  the  coefficient  of  slipping 
is  X<  0*006  cm.  and  may  therefore  be  neglected  in  practice.  T.  H*  P. 

639.  Sources  of  Error  in  Viscosity  Measurements.  B.C.  BinghAin,  H.  I., 
Schlesinger,  and  A.  B.  Coleman.  (Am.  Chem.  Soc,  ].  88.  pp.  27-41^ 
Jan.,  1916.) — The  average  pressure  to  be  used  in  the  calculation  of  a  viscosity 
measurement  is  not  strictly  one-half  the  sum  of  the  initial  and  final  pressure, 
as  ordinarily  assumed,  and  the  use  c^  this  value  may  lead  to  considerable 
error.  A  method  of  calculating  the  correct  value  has  been  developed  and 
tested. 

In  the  flow  of  a  liquid  throi^h  a  capillary  tube  it  b  immaterial 
whether  the  capillary  is  m  a  horizontal  or  in  a  vertical  position.  When  a 
liquid  flows  from  a  capillary  with  a  trumpet-shaped  opening  there  is  a. 
definite  loss  of  kinetic  energy,  but  it  is  not  proved  whether. the  correction  is, 
the  same  as  in  the  case  of  a  capillary  with  uniform  bore.  To  secure  the  best 
results,  the  capillaries  should  bavo  ends  which  are  as  nearly  square  as  possibLp, 
so  that  the  kinetic  energy  correction  may  be  calculable  and  the  bulbs  should 
be  made  as  short  as  possible,  e.g.  by  making  eadi  bulb  approxmiatethe. 
shape  of  two  cones  placed  base  io .  base.  The  value  in  relative  as  weU 
as  in  absolute  determinations  of  viscosity  of  using  an  instrument  in  which 
the  time  of  flow  may  be  varied  by  varying  the  pressure  is  ftnrther 
emphasised  by  the  observations  now  recorcted.  T.  M.  L. 

640.  GratHtation  and  Electrical  Action.  F.  £;  Niphec  (Acad.  Sd.  St. 
Louis,  Trans.  Seience,  48.  pp.  472-478,  Marcb81, 1916.  Extract.)— The  author 
has  previously  suggested  that  there  is  an  intimate  relation  between  gravitation 
and  electrical  action  at  a  distance,  or  what  has  been  called  the  statical  effects. 
He  holds  that  the  attraction  between  two  masses  of  niatter  depends  n6lf  only 
upon  the  amount  of  matter  in  the  two  masses  and  their  dist^c^  f roih  each 
other,  but  also  upon  theur  deckical  potential. 

The  gravitation  constant  has  been  determined  by  finding  the  attraction 
between  two  spheres  of  metal.   In  these  determinations  the  electric  potentiai 
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of  the  masses  has  been  ignored.    It  has  been  assumed  that  there  are  no 
electrical  charges  on  the  two  masses,  if  their  potential  is  that  of  the  earth. 

Assume  that  two  spheres,  having  radii  Ri  and  Rs  composed  of  metal  having 
a  density  p,  and  distant  from  each  other  r,  have  charges  Qi  and  Qs,  the  spheres 
having  a  common  potential  V.    The  attractions  for  each  other  will  be — 

._,.w,m,      QiQ,      ^16ir»R;R4p»     RiRtV 
A-K^-^-    r»    =^        '9? ?~* 

Here  K  is  the  value  of  Newton's  constant  of  gravitation,  as  it  would  be 
determined  by  the  method  of  Cavendish  or  Boys,  if  V  were  zero  absolute. 

If  V  is  not  zero,  and  the  second  term  is  omitted,  the  last  equation  might  be 
written — 

X  \X6^i^R;R»jo» 
0/        9r^ 


A^-m) 


In  this  equation  K(l— x/100)  is  the  gravitation  constant  that  would  be 
determined  under  such  conditions.  Both  K  and  x  would  remain  unknown 
quantities.  Equating  these  two  values  of  A,  V  =  f7rRiRjp>/(KA?)/10.  If  V  is 
measured  hi  volts,  this  becomes  V  ss  40wRif(9p^{Kx),  If  RisalO,  Rtsl, 
p  =:  11-06,  and  K  =  66576  x  lO"*, then  V  =  S-QSy/x.  This  result  shows  that 
if  these  two  spheres  have  a  common  potential  which  di£Fers  from  absolute 
zero  by  8*68  volts,  the  value  of  K  as  determined  by  the  Cavendish  method  will 
be  in  error  by  1  %  of  the  above  value  which  is  that  of  Boys.  If  V  were 
±  8-28  volts,  an  error  of  6  %  would  result.  If  V  were  86*8  volts  the  two 
spheres  would  cease  to  attract  each  other.  The  absolute  zero  in  V  would  be 
the  common  potential  of  the  two  bodies,  "when  their  attraction  for  each  other 
is  a  maximum. 

The  smaller  the  masses  used  in  such  determinations  the  greater  will 
be  the  possibility  of  error  in  the  result,  when  the  potential  term  is  ignored. 

Since  we  are  so  much  in  the  dark  concerning  the  average  potential  of  the 
earth,  the  author  concludes  that  it  is  very  probable  that  we  do  not  know  the 
real  value  of  the  gravitation  constant.  E.  H.  B. 

641.  Formation  of  the  Molecule  as  a  Question  of  the  Structure  of  the  Atom, 
W.  Kosscl.  (Ann.  d.  Physik,  49.  8.  pp.  229-862,  March  7, 1916.)— Part  I  of 
this  paper  contains  a  consideration  of  those^assuniptions  concerning  the  con- 
stituent parts  of  the  structure  of  the  atom  which  must  be  regarded  as  uncon- 
ditional. These  include  especially  van  den  Broek's  enumeration  of  the 
electrons  in  the  atom  which  is  founded  on  the  facts  of  Rontgen-ray  emission. 
If,  now,  the  inanifestation  of  valency  in  polar  compounds  is  regarded  solely 
as  an  electro-valency — as  a  substitute  for  the  electron  numbers — the  distribu- 
tion of  valency  in  the  periodic  system  leads  to  a  very  simple  law,  according 
to  which  the  very  definite  characters  of  the  valency  of  elements  surrounding 
one  of  the  rare  gases  are  to  be  regarded  as  a  consequence  of  the  striving  to 
reach  the  electron-number  of  the  neighbouring  stable  atom  by  addition  or 
loss  of  electrons.  As  a  result  of  this  there  emerges  the  question  :  To  what 
extent  is  the  charge  alone  able  to  furnbh  the  forces  acting  in  a  polar 
molecule  ? 

Part  11  proceeds  to  treat  of  the  formation  of  the  molecule.  An  attempt 
is  made  to  ascertain  if  the  simplest  possible  representation  of  polar  com- 
pounds— only  a  charge  corresponding  with  their  valency  being  ascribed  to 
the  atoms  and  no  special  assumption  made  concerning  the  shape  of  the  atom 
which  is  idealised  as  a  smooth  sphere  with  the  charge  at  the  centre— is  able 
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to  reproduce  the  behaviour  of  such  molecules.  The  case  of  the  ammonium 
compounds  is  first  considered  and  then  the  relation  of  the  above  conception 
to  other  theories  of  complex  compoundsi  particularly  that  of  Abegg.  The 
general  case  of  complex  compounds  is  then  represented  and  the  most  impor- 
tant classes  are  discussed,  with  examples ;  among  these  the  double  oxides 
containing  hydrogen  furnish  a  striking  example,  owing  to  the  characteristic 
transition  from  a  basic  to^n  acid  function.  Consideration  of  the  conse- 
quences of  the  above  simple  representation  when  applied  to  the  taking 
up  of  water  or  ammonia  leads  to  a  peculiar  conclusion  which  distinguishes 
the  proposed,  ordinary  field  of  force  from  any  hypothesis  assuming  a  single 
force.  In  Part  III  these  considerations  are  discussed  in  connection  with  the 
questions  of  Part  I.  T.  H.  P. 

642.  Optical  Test  for  A  ngles  of  Contact.  A.  Anderson  and  J.  E.  Bowen. 
(Phil.  Mag.  31.  pp.  286-289,  April,  1916.)— By  means  of  an  optical  device  for 
examining  the  long,  cylindrical  drop  attached  to  a  rectangular  piece  of  very 
thin  glass  which  has  been  dipped  in  a  liquid  and  then  held  in  a  vertical  plane 
with  two  of  its  edges  horizontal,  the  author  finds  that  the  angle  of  contact  of 
glass  wi^  water,  glycerine,  olive  oil,  or  turpentine  is  zero.  The  device  also 
serves  for  the  rough  measurement  of  surface  tension.    [See  Abs.  288  (1916).] 

T.  H.  P. 

643.  The  Statistic-mechanical  Basis  of  the  Theory  of  Quanta.  T.  Wereide. 
(Phys.  Zeits.  17.  pp.  104-106,  April  1,  1916.  Ann.  d.  Physik,  49, 
8.  pp.  965-975,  May  28,  1916.)— The  difference  between  the  older  theory 
of  statistics  and  that  of  quanta  can  be  explained  as  follows : — If  the 
energy  of  a  physical  system  be  defined  by  the  values  of  the  Hamiltonian 
co-ordinates  pi ...  pn  qi  ...  g„,  thess  are  grouped  according  to  the  statis- 
tical method  in  a  2it-dimensional  system.  This  2n-dimensioiial  space  de- 
fined by  its  2n  co-ordinates  is  subdivided  into  equal  space  elements  of 
dimensions  dr^zdpi,,,  dPndtii»,^dqni  in  classical  statistics  the  element  rd 
solely  plays  the  part  of  an  integration  element,  and  the  forn^ulas  evolved 
possess  their  maximum  exactitude  when  dr  becomes  infinitely  small.  In 
some  cases  these  formulae  agree  completely  with  experiment,  as  in  the  case 
of  the  specific  heats  of  gases,  but  in  other  cases,  e,g.  dark  radiation,  there  is 
manifest  contradiction.  On  the  quanta  theory  this  difi&culty  has  been  very 
simply  overcome  by  not  making  dr  infinitely  small,  but  assigning  it  such 
dimensions  that  the  formulae  agree  with  experience.  A  physical  basis  for  this 
apparent  arbitrary  character  of  the  element  dr  has  been  sought  for  in  vain. 

The  present  paper  attempts  to  show  that  the  contradiction  referred  to 
does  not  exist,  and  that  a  finite  value  can  be  given  to  dr  from  a  considera- 
tion of  the  classical  laws  of  dynamics,  if  only  the  existence  of  a  null-point 
energy  be  assumed.  The  quanta  theory  is  therefore  shown  to  be  not  in 
contradiction  to  statistical  mechanics  but  a  consequence  of  it,  [See  also 
Abs.  685  (1916).]  H.  H.  Ho. 

644.  Two-dimensional  Fields  of  Flow,  with  Logarithmic  Singularities  and 
Free  Boundaries.  J.  G.  Leathern.  (Phil.  Mag.  81.  pp.  190-197,  March, 
1916.) — In  a  recent  paper  [see  Abs.  1492  (1915)]  the  author  defined  conformal 
curve-factors,  discussed  some  of  their  properties,  and  employed  them  in  the 
solution  of  problems  of  the  two-dimensional  liquid  flow.  In  all  the  configura- 
tions there  discussed  the  fixed  boundary  was  an  open  polygon,  rectilineal  or 
partly  curvilinear,  whose  continuity  was  not  broken  at  any  point,  and  the  field 
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was  free  from  sii^iilarities.  The  author  here  shows  how  the  same  calculus 
may  be  applied  to  regions  whose  fixed  boundary  is  broken  and  to  fields  which 
contain  logarithmic  singularities,  as,  for  example,  to  cases  of  liquid  flow 
between  two  boundary  stream-Uses  and  cases  of  flow  due  to  sources  or 
vortices. 

The  method  is  applied  (1)  to  the  motion  of  a  ship  in  a  canal  and  to  the 
effective  inertia  of  this  ship  ;  (2)  to  electrical  flow  in  a  flat  conducting  strip 
with  a  symmetrical  hole ;  (8)  to  liquid  flow  with  free  stream-lines  with  or 
without  sources  and  vortices ;  and  (4)  to  free  stream-lines  where  part  of  the 
boundary  is  curved.  £.  H.  B. 

645.  Hah  of  May  20,  1915,  Analysed.  C.  S.  Hastings.  (Monthly 
Weather  Rev.  48.  pp.  498-499,  Oct.,  1915.)— Two  photographs  were  taken  at 
Chester,  Pa.,  of  this  hak)  at  11.15  and  11.45  a.m.  respectively.  These  are 
reproduced,  and  from  measurements  made  from  the  photographs  particulars 
of  the  angular  size  of  the  halo  are  determined.  It  is  considered  that  this  halo 
was  not  the  well-known  22°  halo,  but  the  "  Oval  of  Venturi "  formed  by  the 
tipper  and  lower  tangent  arcs  of  the  22^  halo  uniting  when  the  altitude  of  the 
sun  is  sufficiently  great  [see  Abs.  1619  (1915)].  At  the  time  the  first  of 
the  two  photographs  was  taken  the  zenith  distance  of  the  sun  was  26*1^  At 
this  time  the  parhelic  circle  was  very  brilliant,  but  at  the  time  of  the  second 
photograph,  wh»i  the  sun's  zenith  distance  was  about  21*5^,  the  circle  was 
only  just  visible.  The  parhelic  circle  has  not  before  been  recorded  with  the 
stm  at  so  great  an  altitude  as  this.  This  rapid  dimintition  in  brilliancy  with 
increase  in  solar  altitude  is  in  accordance  with  the  author's  theory  which 
attributes  the  phenomenon  to  internal  total  reflection  from  the  smallest 
surfaces  of  oriented  cr3rstals,  and  is  opposed  to  the  generally  accepted  theory 
which  explains  it  by  ordinary  reflection  from  the  lai^r  surfaces  of  oriented 
crystals.  As  regards  the  **  Oval  of  Venturi "  itself,  which  forms  the  most 
prominent  feature  of  both  photographs,  the  measurements  made  of  the 
horizontal  semi-diameter  (24*6°  at  11.15  and  28*9°  at  11.45  a.m.)  are  in  good 
agreement  with  Venturi's  theory.  }.  S.  Di. 

646.  Working  up  Wind  Observations.  J.  W.  Sandstrdm.  (Monthly 
Weather  Rev.  48.  pp.  547-550,  Nov.,  1915.)— Winds  being  vector  quantities, 
one  of  the  most  convenient  methods  of  combining  them  to  determine  the 
monthly  or  other  mean  is  by  constructing  a  polygon.  A  simple  form  of 
apparatus  is  described  and  illustrated  for  drawing  such  a  polygon  readily 
from  the  individual  readings  by  mechanical  means,  whereby  the  resultant 
can  be  obtained  quickly  without  the  employment  of  skilled  labour.  By  the 
use  of  this  apparatus  resultant  winds  have  been  worked  out  for  a  number  of 
stations  in  North-west  Europe  for  the  month  of  Jan.,  1918.  The  mean  move- 
ment in  24  hours  is  shown  by  arrows  of  appropriate  length  upon  a  map.  It 
is  commonly  assumed  that  the  warmth  of  this  part  of  Europe  in  winter  is  due 
to  the  prevalence  of  SW.  winds  which  blow  directly  from  the  Atlantic.  The 
mean  wind  arrows  for  Jan.,  1918,  however,  show  a  general  SE.  current  over  the 
greater  part  of  the  area.  The  author  suggests  that  the  true  circulation  from 
the  Atlantic  to  Europe  is  as  follows :  The  warmed  air  over  the  ocean  rises 
and  then  flows  south-eastward  in  an  upper  north-westerly  current.  When 
this  strikes  the  high  mountains  of  the  Pjrrenees,  Alps,  Carpathians,  and 
Scandinavian  ranges  it  is  sufficiently  cooled  by  contact  with  the  cold 
mountain  slopes  to  descend,  and  thence  it  flows  back  to  its  source  on  the 
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Atlantic  as  a  south-easterly  current.    This  idea  of  the  circulation  is  supported 
by  certain  mountain  observations  to  which  the  author  refers.  J.  S.  Dt. 

647.  New  Units  in  Aerology.  A.  McAdi^.  (Phys.  Rev.  6.  pp.  506-504 
Dec,  1915.  Abstract  of  paper  read  at  Joint  Meeting  of  the  Am.  Phys.  Soc.  and 
the  Am.  Assoc,  for  Advancement  of  Science/  San  Francisco,  Aug.,  1915.) — 
Recommends  the  use  of  certain  units  in  meteorology,  the  chief  departure 
from  accepted  practice  being  the  suggested  use  of  an  absolute  temperature 
scale  in  which  0°  represents  the  absolute  zero  and  1000°  the  freezing-point 
of  water  under  standard  conditions.  This  would  give  a  degree  of  more 
convenient  size  than  the  present  Centigrade  degree.  J.  S.  Di. 

648.  Illusions  of  the  Upf^er  Air.  N.  Shaw.  (Nature,  97.  pp.  191-194, 
April  27,  and  pp.  210-218,  May  4, 1916.  Discourse  ddivered  at  the  Roy.  Inst., 
March,  1916.)-— The  author  gives  a  brief  review  of  the  progress  in  meteoro- 
logical theory  in  England  since  1866,  and  then  deals  with  the  modem  views 
as  to  the  structure  of  the  atmosphere  according  to  the  observations  of  the 
upper  air.    A  short  section  is  devoted  to  numerical  calculations.       L.  H.  W. 

649.  Photometric  Study  of  fi  Lyra,  J.  Stebbhi».  (Lick  Observatory, 
BuU.  8.  [No.  277}  pp.  186*192,  1916.)— A  photometric  investigation  of  the 
varial^  star.^  Ljrrae  has  been  made  with  a  sensitive  rubidium  photoelectric 
cell  used  in  direct  connection  with  a  string  electrometer  hanging  in  gimbals 
on  the  end  of  the  tetesoope.  Oonnections  were  mkde  practically  as  in  Ifae 
work  of  Guthwick  and  Prager,  except  that  the  negative  electrode  of  the  cell 
was  connedted  to  the  electrometer  thread.  Observations  extended  over  thre^ 
cycles  of  the  12-92-day  period.  The  main  features  of  the  light-curve  agree 
with  the  visual  oirve  previously  known,  but  it  is  found  that  the  changes  are 
not  exactly  the  same  during  successive  epochs,  the  discordances  being  as 
large  as  0*10  mag«y  and  they  have  not  been  traced  to  instrumental  error  or 
variations  of  the  comparison  stars.  Thb  two  maxima  of  tiie  curve  are  about 
equal.  At  primary  minimum  there  is  distinct  asymmetry,  the  decrease  of 
light  being  more  rapid  than  the  increase.  This  difference  extends  as  far  as 
the  maxima  on  each  side  of  the  primary  minimum,  with  phases  — 2-96  days 
and  -f-8*45  days  respectively.  The  non -symmetrical  features  of  the  light- 
curve  are  ascribed  to  non-uniform  surface  intensity  of  the  apparent  discs  of 
the  component  stars.  C.  P.  B. 

660.  Photometry  of  9  Aquilce  and  <r  Scorpii,  J.  Stebbins.  (Lick  Observa- 
tory, Bull.  8.  [No.  277]  pp.  192-198,  1916.)— Observations  were  made  with  a 
rubidium  photoelectric  cell  [see  preceding  Abs.]  on  stars  of  special  interest. 
0  Aquilae,  mag.  8*87,  spectrum  Ao,  is  a  well-known  spectroscopic  binary,  with 
orbits  determined  by  Harper  and  Baker.  Using  X  Aquilae,  mag.  8"66, 
spectrum  Ao,  as  comparison  stir,  no  evidence  was  found  of  any  kind  of  light- 
variation  synchronous  with  the  orbital  variatiop. 

In  the  case  of  a  Scorpii,  mag.  808,  spectrum  class  Bi,  an  extremely  short 
period,  0*2468  day,,has  been  found  by  Selga.  There  seems  here  to  be  evidence 
from  the  photometric  tests  of  a  variation  of  at  least  0*08  mag.  C.  P.  B. 

651.  Translational  Motion  of  Binary  Stars.  C.  Luplau- Janssen.   (Astron. 
Nachr.  No.  4828.    Nature,  97.  p.  181,  April  6,  1916.    Abstract.)— An  investi- 
gation has  been  made  of  the  distributions  of  the  proper-motion  vectors  of  a 
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number  of  double  stars,  with  reference  to  their  orbital  planes.  The  proper 
motions  were  taken  from  the  list  by  Boss,  and  reduced  uniformly  to  their 
equivalents  at  a  distance  of  1  parsec,  at  which  distance  the  adopted  solar 
motion  is  represented  by  an  angular  displacement  of  4'ir'  per  year.  The 
resultant  proper  motions  and  the  node  lines  lie  in  a  common  plane,  and  a 
chance  distribution  is  indicated.  C.  P.  R 

662.  Rotation  cf  Planetary  Ntbula.  W.  W*  Campbell  and  J.  H. 
Moore.  (Lick  Observatory,  Bull.  9.  [No.  278]  pp.  1-6, 1916.)— Photographs 
of  the  spectra  of  the  brighter  planetary  nebulae  have  been  obtained  with  a 
spectr(^raph  of  high  dispersion  with  the  special  object  of  testing  for  evidence 
of  rotation  as  shown  by  the  Doppler-Fizeau  effect.  The  present  paper  gives 
details  of  two  cases  where  the  evidence  for  rotation  appears  to  be  quite  con- 
clusive. Assuming  that  the  max.  rotational  effect  would  be  observed  along 
the  m^jor  axis  of  objects  showing  elliptical  form,  the  slit  was  adjusted  in 
this  direction  for  the  exposure. 

Four  spectrograms  of  N.G.C,  7009  were  secured  in  N^ov.,  1915.  From  the 
measured  displacements  it  is  shown  that  the  western  portion  of  the  nebula  is 
being  carried  towards  the  earth,  and  the  eastern  edge,  away,  with  a  rotatibnal 
velocify  of  the  order  of  6  km.  per  sec. 

Five  spectrograms  of  the  planetary  nebtia  N«G.C.  6548,  another  distinctly 
elliptical  object,  were  obtained,  in  this  case  the  motions  found  are  somewhat 
complicated.  The  central  portion  of  the  nebula,  to  a  diameter  of  about 
6*7  sees,  of  arc,  appears  to  he  rotating  about  an  axis  in  position-angle  180°, 
with  a  velocity  of  some  5  ktt.  per  sec.  The  outer  portions  seem  to  have 
greatly  reduced  velocities  compared  with  the  centre,  but  of  a  very  com- 
plicated type.  Some  interesting  speculations  are  made  as  to  the  possible 
densities  of  the  two  nebnlas.  C.  P.  B. 

663.  Wave-lengtks  of  Green  Nebular  Lines,  W.  W.  Campbell  and  J.  H. 
Moore.  (Lick  Observatory,  Bull.  ».  [No.  279]  pp.  6^,  1916.)— A  special 
investigation  cA  the  positions  of  the  green  nebular  lines  has  been  made  with 
the  8-prism  Mills  spectrograph  remodelled  to  give  minimum  deviation  at 
X4950.  Comparison  spectra  of  titanium,  hydrogen,  and  helium  were  used 
for  determinations  of  wave-lengths,  the  data  for  helium  being  those  resulting 
from  interferometer  observations.    The  adopted  values  are  : — 

Ni  Principal  Nebular  Line  \50Q7*Oa  (Rowland).    X5006*d4  (International). 
N>  Second  „  „     X4959-09         „  X49^-91 

C.  P.  B. 

654.  Wave-lengths  of  Green  Nebular  Lines,  W.  H.  Wright.  (Lick 
Observatory,  Bull.  9.  [No.  279]  pp.  9-10,  1916.)— On  account  of  an  error  in 
the  comparison  lines  used  in  1901,  a  revision  has  been  made  of  the  former 
wave-lengths  of  the  nebular  lines  punished  in  1902  (Ibid.  No.  1.  p.  158). 
The  results  are  in  very  close  agreement  with  those  recently  given  by 
Campbell  and  Moore.    [See  preceding  Abs.]  C.  P.  B. 

656.  Stereoscopic  Observations  of  Orion  Nebula,  J.  C.  SolJl.  (Comptes 
Rendus,  162.  pp.  414-415,  March  20,  1916.)— Photographs  taken  on  1915 
Dec.  27, 1916  Jan.  27,  and  1912  Jan.  27,  have  been  examined  with  a  stereo- 
goniometer,  and  movements  of  certain  brilliant  parts  appear  to  be  discernible, 
of  the  order  of  0O25  sec.  of  arc  per  annum,  directed  from  east  to  west.  On 
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the  other  hand,  parts  of  the  small  nebula  to  the  north  of  the  main  structure 
appear  to  have  movements  in  the  opposite  direction.  C.  P.  B. 

666.  Cluster  of  Nebulas  in  Ceius.  M.  Wolf.  (Astron.  Nachr.  No.  4888. 
Nature,  97.  p«  148,  April  18,  1916.  Abstract)~A  rich  cluster  of  about 
60  nebulous  objects  has  been  found  in  the  region  RA.  pcOh.  49'OnL; 
a  =  —  20'  (1885),  sUghUy  north  of  the  95  mag.  star  B.D.  2°  128.  Other 
regions  rich  in  small  nebulas  are  found  in  Coma  Berenices  and  Virgo. 

C.  P.  B. 

667.  Variation  in  the  Solar  Rotation.  H.  H.  Plaskett.  (Astrophys.  J. 
48.  pp.  146-160,  March,  1916.)— Working  with  the  large  spectrograph  of  the 
Dominion  Observatory  at  Ottawa  it  was  found  possible  by  refinements  of 
instrumental  conditions  to  obtain  results  practiddly  free  from  instrumental 
error.  The  results  are  inconclusive  as  regards  variation  of  rotation  within  a 
day,  if  the  range  be  less  than  0*1  km.  There  was  good  evidence  of  a  cyclic 
variation  extending  over  a  month  with  range  of  0*16  km.  The  mean  of  all 
the  meaures  indicated  that  the  rotation  in  1916  was  0*04  km.  lower  than  it  was 
in  1918.  C.  P.  B. 

668.  Formation  of  Sun-spots.  F.  Henroteao.  (Roy.  Astron.  Soc.,  M.N. 
76.  pp.  404-407,  March,  1916.) — In  connection  with  the  results  obtained  by 
Cortie  from  a  study  of  8600  drawings  of  the  sun  at  Stonyhurst,  that  the  chief 
type  consists  of  a  double-spot,  with  a  train  of  small  ones  between  the  two 
principal  members  of  the  group,  and  the  discovery  by  Hale  that  the  polarities 
c^  the  two  parts  are  in  general  of  opposite  sign,  the  author  describes  a  series 
of  his  own  observations  in  which  he  has  detected  the  grouping  of  the  small 
spots  along  elliptical  curves.  A  suggestion  is  made  that  the  appearance  may 
be  due  to  electrical  discharges,  and  this  links  up  with  the  view  of  Birkeland, 
who  showed  experiments  in  which  discharges  from  a  magnetised  sphere 
in  vacuo  gave  rise  to  phenomena  greatly  resembling  sun-spots.  The  fact  of 
sun-spots  not  being  found  in  high  solar  latitudes  might  then  be  due  to  the 
electrons  of  one  sign  being  repelled  by  the  solar  poles,  and  in  the  region  of 
the  equator  by  the  electrons  neutralising  each  other.  The  variation  in 
sun-spot  and  solar  activity  would  then  be  of  the  nature  of  a  variation  of  the 
total  solar  potential.  C.  P.  B. 

669.  Elements  of  Minor  Planets.  H.  C.  Plummer.  (Roy.  Astron.  Soc, 
M.N.  76.  pp.  878-890,  March,  1916.)— An  examination  of  the  statistics  of  the 
elements  of  the  minor  planets  show  that  the  distribution  in  longitude  of  their 
perihelia  can  be  represented  by  one  harmonic  term,  the  max.  density  being 
three  times  the  minimum,  and  occurring  in  longitude  16*7^,  about  4°  from  the 
perihelion  of  Jupiter.  A  frequency  function  has  been  found  expressing  the 
distribution  of  the  minor  planets  with  respect  to  the  eccentricities  of  their 
orbits.  The  distribution  of  the  ascending  nodes  is  found  to  he  irregular,  and 
is  represented  by  two  harmonic  terms  of  small  amplitude.  C.  P.  B. 

660.  Stellar  Magnitudes  of  Sun,  Moon,  and  Planets.  H.  N.  Russell. 
(Astrophjrs.  J.  48.  pp.  108-129,  March,  1916.)— After  examining  the  results 
given  by  various  investigators,  the  following  magnitudes  arc  suggested  as 
acceptable  for  photometric  discussion  : — 

Photographic  magnitude  of  sun  on  Harvard  scale  =  —  25*98 
Visual  „  „  =  —  26*72 

Visual  „         full  moon  =a  — 12*66 
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The  magnitudes  of  the  planets  are  given  for  mean  distance  and  varioas  phase 
angles  where  these  are  presented ;  also  for  the  moon  under  various  phases. 
A  further  comparison  gives  the  stellar  magnitude  of  the  standard  candle  at  a 
distance  of  1  metre  as  —14*18.  C.  P.  B. 

661.  Photometry  of  Eclipsing  Variable  RV  Ophiuchi.  R.  S.  Dugan. 
(Astrophys.  J.  48.  pp.  180-144,  March,  1916.)— New  elements  are  given  for  the 
occurrences  of  computed  eclipses  of  the  star,  containing  a  sine  curve  of  small 
amplitude.  During  the  total  eclipse  at  primary  minimum  the  star  is 
2'08  mag.  fainter  than  at  max.  brightness,  while  the  loss  during  the  annular 
secondary  eclipse  is  only  0*11  mag.  Details  are  given  of  the  computed 
relative  brightnesses  of  the  components,  and  attention  is  drawn  to  the  fact 
that  the  light-ctirve  is  distinctly  asymmetrical.  C.  P.  B. 

662.  Multiple  System  of  \  Tauri.  P.  Schlesinger.  (Allegheny 
Observatory  Publ.  8.  20.  Nature,  97.  pp.  169-170,  April  20, 1916.  Abstract.) 
— From  a  study  of  the  line-of-sight  motions  it  is  concluded  that  the  system  of 
X  Tauri  consists  of  three  bodies,  only  one  of  which  is  bright  enough  for 
spectroscopic  record.  The  presence  of  the  others  is  deduced  from  the 
variations  in  the  principal  star's  motion.  Periods  of  4  and  84*6  days  are 
detected.  C.  P.  B. 

668.  Irregular  Variable,  T  Tauri.  G.  E.  Rale.  (Mount  Wilson  Solar 
Observatory,  Report  for  1915.  Nature,  97.  p.  189,  April  27, 1916.  Abstract.) 
— ^The  irregular  variable  T  Tauri  has  been  found  to  be  surrounded  by  an 
extensive  atmosphere  4"  in  diameter,  showing  the  bright-line  spectrum 
characteristic  of  Wolf-Rayet  stars.  The  star's  magnitude  ranges  between 
108  and  18*2,  and  its  spectrum  is  of  type  F5.  C.  P.  B. 

664.  Eclipsing  Binary,  TTAurigce,  C.  Martin  and  H.  C.  Plummer. 
(Roy.  Astron.  Soc.,  M.N.  76.  pp.  896-400,  March,  1916.)— During  the  past  two 
years  88  exposures  have  been  made  on  the  region  of  this  star  with  the  16-in. 
reflector  at  Dunsink,  from  which  determinations  of  the  photographic  light- 
curve  have  been  made.  The  observations  are  plotted  in  conjunction  with 
the  photometric  values  given  by  Balanowsky,  and  good  agreement  is  shown 
except  during  the  6  hours  covering  the  primary  eclipse.  C.  P.  B. 

666.  Corrections  for  Velocities  of  Spectroscopic  Binaries,  F.  Schlesinger. 
(Astrophys.  J.  48.  pp.  167-170,  March,  I916.)--In  the  cases  of  those  spectro- 
scopic binaries  whose  periods  are  sufficiently  short  to  render  the  actual  time 
^ken  in  exposing  on  the  spectrum  of  importance,  it  is  evidently  necessary 
to  introduce  appropriate  corrections  to  allow  for  this  interval.  In  the  case  of 
12  Lacertae,  for  example,  the  period  is  less  than  5  hours,  and  the  photographs 
of  the  spectrum  require  an  exposure  of  2  hours  or  more.  Formulae  of 
reduction  for  determining  the  necessary  corrections  are  provided,  the  values 
being  at  present  confined  to  cases  of  circular  orbits.  C.  P.  B. 
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666.  Parodies  Periscope.  (Engineeriag,  101.  p.  848,  April  14, 1916.  From 
the  "  Rivista  Marittima.'*) — Two  diagrams  are  given  of  the  instrmnent.  No 
essential  novelty  is  introduced  from  the  optical  point  of  view,  except  that  a 
larger  use  is  made  of  toroidal  lenses.  At  the  top  of  the  tube  is  £xed  a  totalp 
reflection  toroidal  prism,  arranged  so  as  to  form  both  an  achromatic  converg- 
ing lens  and  a  total  reflection  prism,  the  curves  of  the  various  faces  being 
determined  so  as  to  secure  this  result.  The  image  reflected  by  the  toroidal 
prism  passes  to  the  bottom  end  of  the  tube  through  a  system  of  lenses.  A 
total-reflection  toro-prismatic  system  is  fitted  at  the  lower  end  of  the  tube,  and 
thus  the  luminous  ra3rs  from  the  horizon  ^re  so  deviated  that  the  image  of  the 
objects  visible  is  given  on  a  cyliAdrical  screen  placed  round  the  lower  prism 
system.  The  conditions  of  an  observer  who  views  the  horizon  direct  are  thus 
exactly  reproduced,  there  being  added  the  possibility  of  directing  from  the 
screen  the  principal  problems  relating  to  the  course  of  the  boat  by  combining 
the  picture  with  a  fixed  index  and  the  indications  of  a  compass  which  are  also 
prqjected  on  the  screen.  The  compass  has  a  transparent  card,  and  is  fitted 
in  the  conical  cavity  of  the  lower  prism ;  it  is  lighted  from  the  top,  and  the 
projection  of  the  entire  card  is  secured  by  means  of  a  CQfnical  mirror  and  an 
annular  lens.  A.  W. 

667.  Theory  of  some  Variable  Neutral-iint  Absorbing  Screens.  E.  F. 
Kingsbury.  (Prank.  Inst.,  }.  181.  pp.  869-^75,  March,  1916.)-*One  of  the 
most  important  and  frequently-occurring  problems  in  the  design  and  use  of 
optical  and  photometrical  apparatus  is  how  best  to  vary  the  intensity  of  a 
light  flux  easily  and  at  the  will  of  the  operator.  The  present  paper  describes 
some  work  on  neutral-tint  absorbing  screens  made  for  this  purpose.  The 
three  screens  studied  were  (1)  the  opaque-line  grating,  (2)  the  perforated 
opaque  plate,  and  (8)  the  parallel- wire  grating.  .  A  parallel  light-flux  is  always 
assumed.  The  first  screen  was  made  by  ruhng  two  gratings  on  glass  with 
about  24  black  lines  per  cm.,  then  placing  the  two  gratings  and  the  lines 
parallel  and  slightly  separated.  When  this  screen  is  rotated  about  an  axis 
parallel  to  the  lines,  the  transmission  varies  at  a  rate  determined  by  the 
separation  of  the  surfaces.  If  f  is  the  angle  of  staggering  of  the  Hues  and  d 
the  rotation,  T  the  distance  apart  of  the  gratings,  and  S  the  grating  space, 
then  the  transmission  s  1  —  (T/S)(tan  f  —  tan  0)...(1),  which  holds  for  all 
values  of  9,  taking  0  +  or  —  on  opposite  sides  of  zero.  For  9>  f  after  (1) 
has  passed  through  a  maximum  (1)  becomes  1  -f  (T/S)  (tan  ^  —  tan  0).  When 
the  screen  is  rotated  through  180°  the  corresponding  expressions  become 
1  T  (T/S)  (tan  ^  -f  tan  Q),  The  ©raph  of  the  expression  1  —  (T/S)  (tan  ^  -|-  tan  0) 
is  given,  and  it  has  a  point  of  inflection,  which  makes  it  approximately  linear 
through  that  region. 

The  expression  for  the  transmission  through  a  grating  made  by  drilling 
holes  as  closely  as  possible  through  a  brass  plate  is  rather  complex. 
Graphs  are  given  for  various  values  of  the  quantity  /  ^  thickness/(radius 
of  holes).  The  series  of  curves  pass  through  practiodly  a  straight  line  for 
/^2},  the  only  sharp  bend  being  a  short  one  for  angles  from  about 
86°  to  40°.  The  parallel-wire  grating  was  made  by  winding  a  rigid  metal 
frame  uniformly  and  tightly  with  soft-iron  wire,  soldering  the  edges,  and  then 
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cutting  away  aU  the  wires  on  one  side.  Great  care  is  needed  in  handling 
such  a  screen,  as  the  wires  are  easily  bent ;  they  must  also  be  well  blackened 
to  avoid  reflections.  The  screen  while  very  simple  mechanically,  is  not  so 
useful  as  the  others,  as  the  transmission  curve  bends  rapidly.  A.  W. 

068.  Interference  of  Parallel  and  Crossed  Rays,  C.  Barus.  (Science,  48. 
pp.  485-486,  March  24,  1916.) — ^A  continuation  of  previous  work  [Abs.  554 
(1916)].  After  perfecting  the  design  of  the  earlier  apparatus,  and  obtaining 
one  free  from  transmission  throu^  glass,  in  which  all  the  rays  are  reflected 
from  metal  surfaces  only,  definite  evidence  was  obtained  that  the  strands  of 
interference  patterns  obtained  are  actually  referaible  to  the  intersection  of 
two  grids,  due  to  the  two  sodium  lines  respectively.  One  of  the  grids  is 
retarded  in  rotational  phase  with  respect  to  the  other.  By  half-silvering  the 
mhrors  and  providing  a  similar  set  beyond  them,  there  should  be  no 
diffict^  in  bringing  the  interferences  due  to  crossed  rays,  and  to  parallel  rays, 
into  the  field  of  the  telescope  together.  Mercury  light,  or  other  homogeneous 
Hgbt,  would  be  needed  to  obviate  the  duplications  of  the  sodium  arc.  In 
such  a  case  the  parallel  fringes  could  be  used  after  the  manner  of  a  vernier 
on  the  crossed  fringes.  A  favourable  feature  of  the  reversed  spectrum 
interferometer  is  the  small  displacement  of  micrometer  per  fringe,  the 
sensitiveness  being  about  twice  that  of  the  customary  type  of  apparatus. 

A.W. 

660.  Use  of  Spectrophotometer  with  yamin  Refracidmeter,  V.  PosejpaL 
(Bohm.  Akad.  Prag,  24.  No.  17.  1916.  Ann.  d.  Pl^ik,  49.  4.  pp.  419-482, 
March  24, 1916.  Extract.) — Describes  methods  of  employing  a  spectrophoto- 
meter in  conjunction  with  a  Jamin  refractometer  for  various  purposes, 
such  as  refraction  and  dispersion  measurements,  either  absolute  or  relative. 

A.W. 

670.  Optics  of  Crystals,  P.  P.  Ewald.  (Ann.  d.  Physik,  49. 1.  pp.  1-88, 
Feb.  4,  and  49.  2.  pp.  117-148,  Feb.  22,  1916.)— Following  the  method  of 
Drude,  the  author  postulates  in  a  crystal  the  existence  of  electric  doublets  at 
the  points  of  a  space-lattice  whose  distances  parallel  to  the  three  rectangular 
axes  are  proportional  to  a,  b,  and  c.  With  this  very  simple  foundation  or 
model  of  a  crj^tal  he  is  able  mathematically  to  derive  dispersion  formulae 
in  essential  agreement  with  those  of  Lorentz  and  of  Planck.  It  is  found  that 
this  model  structure  is  also  able  to  represent  the  behaviour  of  crystals  as  to 
reflection  and  refraction  of  light  and  of  Rontgen  rays.  E.  H.  B. 

671.  Double  Refraction  of  Vanadium  Pentoxide  Sols,  H.  Diesselhorst 
and  H.  Freundlich.  (Phys.  Zeits.  16.  pp.  419-425,  Nov.  15, 1915.)— When 
a  vanadium  pentoxide  sol  is  allowed  to  flow  between  crossed  nicols  in  the 
direction  of  the  axis  joining  the  two  nicols,  a  dark  cross  with  concentric 
rings  is  seen,  suggesting  the  figure  given  by  a  uniaxial  crystal,  the  double 
refraction  being  positive  in  sign.  When  the  sol  is  allowed  to  flow  through  a 
prism,  in  the  direction  of  the  edges,  and  light  is  refracted  through  the  pri»n, 
two  polarised  rays  are  formed,  the  extraordinary  ray  being  the  more  strongly 
refracted  as  in  positive  doable-refraction  in  crystals.  In  accordance  with 
Babinef  s  rule,  the  extraordinary  ray  is  also  more  readily  absorbed.  Attention 
is  directed  to  the  dose  analogy  between  this  **  sol "  and  the  "  swarms  "  of 
anisotropic  liquids  such  as  ^-azoxj^nisol.  T.  M.  L. 
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672.  Report  of  Committee  on  Glare.  Projection  and  Focusing  Screens,  (Am. 
lUam.  Eng.  Soc., Trans.  ILpp.  92^100,  Feb.,  1916.) 

673.  Experiments  on  the  Nature  of  the  Photogenic  Substance  in  the  Firefly, 
E.  N.  Harvey.  (Am.  Chem.  Soc,  J.  87.  Chem.  News,  118.  pp.  220-221, 
May  12, 1916.) — ^A  purely  chemical  investigation.  L.  H.  W. 

674.  Mechanical  Equivalent  of  Light  from  a  Tungsten  Lamp.  T. 
Peczalski.  (Comptes  Rendus^  162.  pp.  168-171,  Jan.  24,  1916.  Lam. 
6lec.  88.  pp.  68-64,  April  16, 1916.) — Describes  experiments  to  determine  the 
mechanical  equivalent  of  the  luminous  radiation  from  a  tungsten  lamp.  The 
lamp  is  enclosed  in  a  glass-walled  calorimeter  containing  a  2  %  solution  of 
CuClt.  The  rise  of  temperature  of  this  solution  is  measured  with  the  globe 
of  the  lamp  (i)  clear  and  (ii)  blackened.  If  w  and  w'  be  the  amounts  of 
energy  taken  by  the  lamp  per  sec.  in  the  two  cases  respectively  to  produce 
the  same  rise  of  temperature  of  the  calorimeter,  then  (ti;  -^  w')lw,  corrected 
for  the  absorption  curve  of  the  solution  in  the  red  and  infra-red,  gives  the 
ratio  of  visible  to  total  radiation.  This,  combined  with  the  candle-power 
of  the  lamp,  gives  4*5  to  5  ergs/sec.  as  the  mechanical  equivalent  of  a  lumen 
emitted  from  a  tungsten  lamp  between  wave-lengths  of  0  and  065  /i. 

J.  W.  T.  W. 

676.  Light  Efficiency  of  Black-body  Radiation  and  the  Mechanical  Equivalent 
of  Light.  A.  R.  Meyer.  (Elekt.  Zeits.  87.  pp.  142-145,  March  16,  and 
pp.  157-160,  March  28, 1916.)— After  a  summary  of  the  theory  of  black-body 
radiation  a  number  of  curves  are  reproduced  and  described  exhibiting 
different  relations.  These  are  :  (i)  the  relative  amounts  of  energy  which  are 
radiated  in  different  wave-lengths  by  a  black  body  at  various  temperatures 
between  2000®  and  10,000°  abs. ;  (ii)  from  curve  (i)  and  Ives*  sensitivity  curve 
of  the  eye,  four  curves  are  deduced  giving  the  relative  light  values  over  the 
spectrum  of  the  radiation  emitted  by  a  black  body  at  various  temperatures ; 
(iii)  from  these  curves  another  is  deduced  showing  the  radiation  appreciated 
by  the  eye  as  light,  expressed  as  a  percentage  of  the  total  energy  radiated 
within  the  visible  spectrum  (0*4  to  0'75  fi)  by  a  black  body  at  various  tem- 
peratures ;  (iv)  the  variation  with  temperature  of  the  intrinsic  brightness  of 
a  black  body,  and  (v)  a  curve  giving,  for  various  values  of  T,  the  correspond- 
ing value  of  n  in  the  equation  (Ai/^i)  =  (Ti/Ti)* ;  (vi)  a  curve  showing  the 
energy  which  must  be  radiated  in  the  visible  spectrum  by  a  black  body  at 
various  temperatures  to  produce  (a)  1  Hefner  candle,  {b)  1  lumen  ;  (vii)  the 
ratio  of  luminous  to  total  radiation  of  a  black-body  at  various  temperatures ; 
(viii)  from  a  combination  of  (iii)  and  (vii)  the  radiation  appreciated  by  the 
eye  as  light  expressed  as  a  percentage  of  the  total  radiation  throughout  the 
spectrum ;  (ix)  the  efficiency  (mean  spherical  Hefner  candles  per  watt)  of  a 
black-body  at  various  temperatures.  This  curve  has  a  maximum  at  a  tem- 
perature of  about  6600°  abs.  with  an  efficiency  of  about  10*5  Hefner  candles 
per  watt ;  (x)  a  set  of  scales  showing  graphically  the  relation  between  watts 
per  candle,  candles  per  watt,  and  lumens  per  watt ;  (xi)  the  efficiencies  of 
different  types  of  lamps  at  different  temperatures,  and  (xii)  curves  showing 
for  different  types  of  lamps  the  energy  radiated  in  the  visible  spectrum 
expressed  as  a  percentage  of  the  total  radiation.  }.  W.  T.  W. 

676.  Radiations  from  A  toms  and  Electrons.    J.  J.  Thomson.    (Engineer- 
ing, 101.  pp.  259-260,  March  17;  282-264,  March  24;  804^805,  March  81; 
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828-829,  April  7 ;  854-856,  April  14,  and  pp.  880-882,  AprU  21, 1916.  Lectures 
delivered  before  the  Roy.  Inst.) — The  author  refers  to  his  previous  discussion 
as  to  the  interpretation  to  be  placed  on  the  fact  that  Michelson  had  obtained 
interference  between  two  rays  of  light  when  the  difference  in  the  lengths  of 
the  paths  traversed  exceeded  half  a  million  wave-lengths.  Such  a  result 
would  be  impossible  unless  there  were  a  very  great  regularity  in  the  wave- 
train.  If  the  latter  had  been  subject  to  changes  either  in  amplitude  or  phase 
interference  would  have  been  impossiUe.  The  further  question  had  also  been 
raised  as  to  whether  it  were  possible  for  the  mercury  atom  to  persist  in 
uniform  vibration  long  enough  to  furnish  a  uniform  train  of  540,000  vibrations. 
Had  the  train  passed  through  a  long  series  of  glass  prisms,  the  necessary 
regularity  in  the  train  of  waves  would  have  been  secured  even  had  the  source 
been  intermittent,  because  the  regularities  observed,  in  light  dispersed  through 
glass  are  a  question  of  the  length  of  the  path,  and  not  of  the  character  of  the 
source.  In  the  case  of  the  pnercury-vapour  examined  by  Michelson, however, 
the  length  of  the  wave-path  through  glass  iwas  quite  insufficient  to  produce  the 
results  observed,  which  could  not,  in  short,  be  accounted  for  by  dispersion 
of  the  ordinary  kind.  Nevertheless,  there  are  reasons  for  believing  that^ 
after  all,  the  remarkable  regularity  of  Michelson' s  wave-train  is  not  to  be 
attributed  to  a  regularity  in  the  radiating  atoms  oi  Hg,  but  to  the  influence  of 
the  medium  by  w^iich  they  are  surrounded.  In  fact,  the  Hg*atoms  active 
at  any  instant,  are  surrounded  by  Hg-vapour,  and  if  this  vapour  has  a  very 
intense  dispersive  power  for  mercury  light,  the  effect  in  question  may  be 
due  to  its  action,  and  not  to  the  character  of  the  actual  vilnrators.  In  fact^  the 
principles  on  which  dispersion  depend  give  reasons  for  concludii^  that  if 
a  mercury  arc  were  in  the  presence  of  a  substance  having  an  inordinate  dis- 
persive power,  even  a  thin  layer  might  be  capable  of  producing  the  negularity 
observed. 

The  usual  relationship  between  the  refractive  index  and  the  frequency  of 
light  vibration  is  that  the  higher  the  frequency  the  more  refrangible  the  light. 
Plotting  the  refractive  index  for  glass  against  the  frequency  yields,  in  fact,  a 
quite  commonplace  fcurve.  With  some  substances,  however,  an  entirely 
different  type  of  curve  is  obtained,  and  such  bodies  are  said  to  show 
anomalous  di$]bersion,  and  all  of  ^hese  bodies  are  capable  of  giving  out  on 
their  own  account  a  defimite  kind  of  light  If  the  graph  connecting  refractive 
index  and  frequency  is  plotted  for  such  a  substance,  it  is  of  ordinary  form 
for  low  frequencies.  But  as  we  approach  the  frequency  of  the  light  the 
substance  can  emit,  the  refractive  index  rises  rapidly  and  becomes  theo- 
retically infinite  for  the  frequency  in  question.  Since  the  velocity  of  propaga- 
tion is  inversely  proportional  to  the  refractive  index,  this  velocity  becomes  zero 
at  the  place  under  consideration.  For  slightly  higher  frequencies,  the  square 
of  the  refractive  index  is  negative,  hence  none  of  the  light  can  get  through 
the  medium.  At  stiU  higher  frequencies  the  light  begins  to  pass.  In  the 
neighbourhood  of  the  special  frequency  of  the  light  which  the  substance  can 
emit,  the  dispersion  is  practically  infinite,  so  that  it  is  quite  possible  for  a  thin 
layer  to  produce  the  same  effect  on  light  of  this  wave-length  as  would  a  great 
length  of  piath  through  glass. 

To  illustrate  the  character  of  the  phenomena  involved,  the  lecturer  uses  a 
model  with  which  it  is  possible  to  show  the  transmission  of  waves  of  different 
frequencies  through  a  system  having  a  natural  frequency  of  its  own.  The 
model  consists  of  a  series  of  balls  hung  from  springs  and  joined  by  a  hori- 
zontal vrire.  For  one  half  of  the  series  there  are  the  balls  only ;  for  the  other 
half  each  ball  is  secured  to  a  frame,  in  which  is  mounted  a  heavy  pendulum, 
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and  all  these  pendulums  have  the  same  definite  time  of  swing.  The  unloaded 
balls  represent  the  free  ether,  while  those  loaded  with  pendulums  may  repre- 
sent a  substance  exhibiting  anomalous  dispersion. 

The  relations  mentioned  for  the  graph  of  such  a  substance  were  then 
experimentally  exhibited  witb  the  model.  It  showed  that  very  small  changes 
in  the  f  requeijcy  make  enormous  changes  in  the  rate  of  propagation  of  the 
wave.  Thus  iift  the  case  of  light  in  the  neighbourhood  of  a  point  of  anomalous 
dispersion,  a  1  %  difference  in  the  frequency  might  alter  the  velocity  of 
propagation  10  times. 

The  c^tical  illustration  of  these  relations  was  shown  in  an  experiment  with 
sodium-vapour  after  the  mode  due  to  R  W.  Wood.  For  a  particular  wave- 
length the  reflecting  power  of  Na-vapour  at  a  pressure  under  a  thousandth  of 
a  mm.  of  mercury  was  as.  great  as  that  of  white  paper.  E.  H.  6. 

677.  Band-  and  Series^specira  cf  Hydrogen,  J.  Stark.  (Ann.  d.  Physik, 
49.  2.  pp.  179-200,  Feb.  22, 19I6.)-*Describes  research  on  the  carriers  for  the 
band  and  series-spectra  of  -hjrdrogen.  As  a  result  of  the  experiments  and 
discussion  the  following  conclusions  are  arrived  at : — (i)  The  H  series  and  the 
H  band  spectra  have  different  carriers,  but  both  carriers  have  the  same  mass 
as  the  hydrogen  atom  ;  (ii)  the  carrier  for  the  series  spectrum  is  the  positive 
atomion ;  (iii)  the  neutral  hjrdrogenatom  is  the  carrier  for  the  band  spectrum, 
(iv)  The  results  under  (i),  (ii)  and  0ii)  in  conjunction  with  the  fact  that  the 
hydrogen  band-lines  show  no  marked  Doppler-effect  in  canal  rays,  lead  to  the 
conclusion  that  the  neutral  hydrogen  atom  does  not  appear  in  any  consider- 
able numbers  as  displaced  particles  in  hydrogen  canal  rays.  This  conclusion 
can  also  be  readied  in  another  way.  (v)  The  origin  of  the  stationary  series- 
lines  and  band-lines  is  to  be  found  in  the  impacts  of  kathode  and  canal  rays, 
(vi)  The  band-lines  in  hydrogen  canal  rays  are  not  excited  by  the  impacts  of 
the  secondary  kathode  vzys,  but  are  directly  due  to  the  impacts  of  the  canal 
rays.  A.  W. 

678.  Structure  €f  Broadened  Spectrum  Lines,  T.  R.  Merton.  (Roy.  Soc, 
Proc.  92.  pp.  822-828,  April  1, 1916.)— An  important  case  of  broadening  is 
that  which  occurs  when  condensed  discharges  are  used.  The  author  has 
investigated  the  effect  of  such  discharges  on  helium  and  hydrogen  at  pres- 
sures of  about  1  mm.  by  means  of  aPabry  and  Perot  interferometer.  The 
apparatus  and  method  have  previously  been  described.  The  main  results, 
which  are  in  agreement  with  those  of  other  investigators,  are  as  folk>ws  : — 
(i)  Whilst  with  uncondensed  discharges  the  limiting  order  of  interference,  N, 
is  constant  for  different  lines  belonging  to  the  same  element,  this  is  no  longer 
the  case  when  condensed  discharges  are  used,  (ii)  For  a  given  series  the 
value  of  N  becomes  less  as  the  series  number  of  the  Une  increases,  f.^the 
more  refrangible  lines  undergo  the  greatest  broadening,  (iii)  Different  series 
are  affected  to  a  different  degree,  (iv)  The  magnitude  of  the  broadening 
decreases  as  the  pressure  decreases.  Arguing  from  these  results  it  is  con- 
cluded that  the  broadening  is  not  due  to  a  rise  of  temperature  at  each  impulse 
of  the  condensed  discharge,  and  it  appears  doubtful  whether  the  broadening 
can  be  due  to  the  movement  of  the  lominous  particle  as  a  whole,  but  rather 
that  it  must  be  referred  to  processes  more  intimately  connected  with  the 
problem  of  radiation.  It  also  seems  improbable  that  the  potential-fall  in 
the  capillary  of  the  tube  would  be  great  enough  to  give  rise  to  any  con- 
side;rable  broadening.  An  experiment  was  performed  which  apparently 
shows  that  any  broadening  effect  due  to  the  field  of  the  discharge  tube  is 
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n^ligible,  but  rather  that  the  broadening  is  due  to  the  electric  field  of  neigh- 
bouring particles,  as  assumed  by  Stark.    In  accordance  with  this  is  the  fact 
that  the  mean  distance  between  the  particles  will  be  diminished  by  pressure- 
inci-ease ;  also  an  increase  in  the  number  of  charged  particles  will  result 
from   the  considerable  current  density   which   obtains    when   condensed 
discharges   are   employed,    both   these   circutiastances    giving    rise   to   a 
broadening   of  the  spectrum  lines.     The  distribution  of  intensity  to  be 
expected,  on  the  above  view,  when  the  hydrogen  lines  are  broadened  is 
next  considered,  and  an  attempt  was  ta&de  to  study  experimentally  the 
distribution  in  Ha,  H^,  and  H^.    It  is  believed  that  the  method  adopted 
will  yield  an  accurate  quantitative  measurement  of  the  intensity  distribution, 
and  by  means  of  it  the  qualitative  structure  of  broadened  lines  can  at  once 
be  seen.     A  neutral-tinted  wedge  of  density  graded  from  02  to  4*2  was 
mounted  vertically  on  the  slit  of  a  spectrograph  and  the  stit  was  illuminated 
with  light  from  the  source  studied,  care  being  taken,  before  the  wedge  was 
put  into  position,  that  the  required  length  of  the  slit  was  evenly  illuminated. 
Under  these  circumstances  the  spectrum  appears  to  consist  c^  lines,  bright 
at  the  points  corresponding  to  the  thin  end  of  the  wedge,  and  gradually 
£ading  o£E  with  increased  density.    It  is  evident  that,  from  the  apparent 
lengths  of  two  lines,  their  relative  intensities  can  be  calculated,  provided  that 
they  are  so  close  together  that  errors  due  to  the  variation  of  the  sensibility  of 
the  plate  to  di£Eerent  wave-lengths  do  not  arise.    A  broadened  line  gives  a 
wedge-shaped  image  on  the  plate,  the  apex  corresponding  to  the  max.  of 
intensity  in  the  line,  and,  from  the  shape  of  these  wedges  the  intensity  at 
different  distances  from  the  maximum  can  be  calculated.    The  method  con- 
sists in  picking  out  points  of  equal  density  at  different  wave-lengths  and 
determining  the  thicknesses  of  the  wedge  to  which  they  correspond.    Points 
of  eqnal  density  must  indicate  equal  illumination,  since  they  are  exposed  for 
the  same  time  and  subjected  to  the  same  h-eatment.    The  method  is  thus 
unaffected  by  the  eccentricities  of  the  photograt>hic  plate,  and  it  is  only 
necessary  to  assume  that  there  is  one  particular  density  that  can  be  recog- 
nised at  different  points.    For  the  investigation  of  the  hydrogen  lines,  which 
were  produced  by  the  passage  of  condensed  sparks  through  hydrogen  at 
atmospheric  pressure,  the  dispersion  of  a  single-prism  spectrograph  was 
ioftcient.     A  number  of  plates  were  taken,  one  of  which  is  reproduced, 
and  the  results  were  also  confirmed  by  visual  observation.    Ha  consists  of 
a  strong  maximum,  falling  off  rather  rapidly,  and  apparently  regularly.    In 
Hfi  the  intensity  falls  off  much  less  rapidly,  and  there  is  a  distinct  minimum 
at  the  centre  of  the  line,  whi<ih  appears  to  be  a  hazy  doublet.    H^  has  a 
bright  central  line  with  very  wide  nebulous  wings.    The  observed  effects 
app<bar  to  be  in  close  agreement  (at  least  qualitatively)  with  the  intensity 
distribution  deduced  from  Stark's  observations  of  the  electrical  resolution 
of  the  lines,  and  appear  -strongly  to  support  Stark's  view  of  the  origin  of 
broadening.     Quantitative  ntieasurements,  with  improved  experimental  ar- 
tangements,  are  in  progress.    [See  also  Abs.  1190  <1919),  565  (1915).]     A.  W. 

679.  Fluorescing  Sodium  Uranyl  Phosphate.  H.  L.  Howes  and  D.  T. 
Wilber.  (Phys.  Rev.  7.  pp.  394*^96,  March,  1916.)— In  an  eariy  article  by 
C.  G.  Stokes  on  the  ultra-violet  spark  spectra  of  the  metals  mention  is  made 
of  a  powerfully  fluorescent  screen  made  from  the  phosphate  of  uranium. 
Since  the  ordinary  phosphate  is  only  slightly  fluorescent  it  seemed  of  interest 
to  prepare  the  phosphate  employed  by  Stokes  and  to  determine  the  nature  of 
its  fluorescence.  The  Stokes  method  of  preparation  is  to  treat  the  ordinary 
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phosphate  with  a  solution  of  phosphoric  acid  and  sodium  or  ammonium 
phosphate.  The  non-fluorescent  salt,  which  is  a  yellow  amorphous  insoluble 
powder,  is  changed  into  the  fluorescent  double  salt  as  the  mass  dries  out. 
The  chemical  problem  is  to  And  the  composition  of  the  fluorescent  double 
salt  To  ascertain  the  role  played  by  phosphoric  acid,  several  specimens 
were  prepared  by  mixing  inqreasing  amounts  of  phosphoric  acid  with  sodium 
uranyl  phosphate,  the  spectrum  in  each  case  being  carefully  examined. 
From  the  results  obtainend  it  is  shown  that  Stokes  employed,  for  the  purpose 
of  making  his  fluoresoent  screen,  one  of  the  best  substances  he  could  have 
obtained.  A.  a  W. 

680.  High-frequency  Spectra  (K-serUs)  of  the  Elements  Cr  to  Ce.  M« 
Siegbahn  and  M.  Stenstrdm.  (Phys.  Zeits,  17.  pp.  48-(»l,  Feb.  15, 1916.) 
— ^A  table  of  wave-jfccngths  obtained  for  the  elements  Cr,  Mn,  Fe,  Co,  Ni,  Cu, 
Zq>  Ce  is  given,  and  a  comparison  made  between  experimental  values  and 
those  of  Moseley*  The  values  obtained  in  this  investigation  are  consistently 
about  1  %  less  than  those  of  Moseley.  The  authors  have  used  the  value 
log  3d  S35  0*75085  given  by  Bragg  for  rock-salt,  whereas  Moseley  used  potas* 
sium  ferrocyanide  as  his  analysing  crystal  ((^=8-454  x  10^  cm.).  A  small 
change  in  the  value  of  the  constant  would  easily  account  for  the  divergence 
between  the  two  sets  of  results.  A.  B.  W. 

681.  Hi^^frequency  Spectra  (L-series)  of  the  Elements  Polonium,  Radium^ 
Thorium,  and  Uranium.  M.  Siegbahn  a^d  E.  Friman. .  (Phy&  Zetts.  17. 
pp.  61-62,  March  16,,  1916.)— In  an  earlier  paper  [Abs.  440  (1916)]  the  results 
were  given  of  an  investigation  of  the  L-series  of  the  elements  from  Ta  to  Bi. 
At  least  11  groups  of  linefs  were  determined.  The  measurements  are  now. 
extended  to  the  elements  Po,  Ra,  Th^  and  Ur.  In  the  case  of  polonium 
(deposited  electrolytically  o^  copper),  two  characteristic  lines  («^,  fii)  were 
observed,  and  in  addition  a  number  of  other  lines  probably  due  to  impurities. 
Using  01  mgm.  of  RaBrt,  to  obtain  the  Ra  spectrum,  only  a  v^ry  weak  a-line 
could  be  obtained.  Both  Th  and  Ur  g^ye  mult^e-line  spectra.  The  values 
of  the  wave-lengths,  relative  iatensities^  etc.,  of  the  various  lines  are  tabu- 
lated. Plotting  the  values  of  1/X  against  atomic .  numbers  it  is  found  that  the 
new  ai,  ai,  and  j3t*values  fall  exactly  on  tlie  same  straight  line  as  the  old 
values,  whilst  the  remainder  (fii^  ft,  yi,  yi,  ys)  are  too  high.  A.  B.  W. 

682.  Recent  Work  on  X-rays  and  Crystals  and  its  Bearing  on  Chemistry, 
W.  H.  Bragg.  (Chem.  Soc.,  Trans.  109.  pp.  262-269,  March,  1916.)— A 
brief  historical  survey  of  the  work  on  this  subject,  and  an  outline  of  the  later 
developments  aqd  applications  pf  this  work  to  chemistry — i,c.  **  in  the  study 
of  various  forms  of  crystals  and  of  the  arrangement  of  atoms  in  the  molecules ; 
in  the  observation  of  the  changes  which  occur  when  one  atom  is  substituted 
for  another ;  in  the  study  of  allotropic  forms;  in  the, light  which  may  be 
shed  on  the  crystalline  featm^es  of  metallurgy ;  in  the  power  we  acquire 
of  studying  quantitatively  the  motions  of  the  atoms  with  heat ;  in  the  wholly 
different  fleld  of  the  study  of  X-rays  themselves ;  in  what  the  X^ays  tell  us 
of  the  nature  of  the  atomic  structure  from  whence  they  came, — ^in  all  this, 
there  is  an  immense  field  of  work.''  A.  B.  W. 

688.  X-ray  Spectroscopic  Methods  without  Slit.    H.  Seemann.    (Ann.  d. 
Physik,  49.  4.  pp.  470-480,  March  24, 1916.)— Methods  are  described  in  which 
a  aharp-line  X-ray  q^ectrum  can  be  produced  by  a  plane-parallel  beam  of 
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rays  falling  on  the  edge  of  a  crystal  and  subsequently  on  the  photographic 
plate.    No  slits  are  necessary  in  the  arrangement  described. 

Using  these  methods  experiments  have  been  made  to  determine  the 
thickness  of  the  crystal  layer  which  is  effective  in  producing  interference 
effects,  as  well  as  on  the  factors  affecting  the  breadth  of  spectral  lines.  The 
thickness  has  been  roughly  determined.  The  complex  line  spectrum  pre- 
viously found  by  the  author  [Abs.  1058  (1916)]  is  now  shown  to  be  unreal. 
An  explanation  is  given.  A.  B.  W. 

684.  Mica  X^ray  Spectrometer.  "W.  S.  Gorton.  (Phys.  Rev.  7.  pp.  884- 
840,  March,  191G.)^De  Broglie  and  Lindemann  [Abs.  1268  (1914)],  and 
Rofamann  [Abs.  456  (1916)],  have  described  an  X-ray  spectrometer  employ- 
ing mica  as  analyser.  This  spectrometer  consists  essentially  of  a  sheet  of 
mica,  bent  to  a  cylindrical  shape,  on  which  a  beam  of  X-ray  falls.  The 
various  components  of  the  beam  are  reflected  at  different  angles  and  are 
received  on  a  photographic  plate.  In  the  instrument  used  in  the  present 
work  a  beam  having  angle  oi  5^°  allows  a  range  of  45^°  in  the  angles  of 
reflection.  A  study  has  t>een  made  of  the  properties  of  the  instrument  and 
on  the  structure  of  mica.  The  results  indicate  that  the  unit  in  the  structure 
of  mica  would  seem  to  be  a  parallelepiped  containing  atoms  spaced  in  such  a 
way  as  to  form  sets  of  planes  having  the  interplanar  distances  1*98  x  10~^  and 
8-19  X  10-«  cm.  A.  B.  W. 

686.  Scattering  of  X-rays  and  Atomic  Structure.  C.  G.  Barkla  and 
J.  G.  Dunlop.  (Phil.  Mag.  81.  pp.  22^282,  March,  1916.)— The  conclusions 
drawn  as  a  result  of  the  experiments  described  are  summarised  as  follows  :— > 
The  scattering  of  X-rays  of  very  short  wave-length  by  equal  masses  of  various 
substances  varies  only  little  with  the  atomic  weight  of  the  scattering 
element  There  is  a  slight  increase  of  the  mass  scattering  coefficient  with  an 
increase  in  the  atomic  weight  of  the  scatterer.  (Elements  of  low  atomic 
weight  have  previously  been  shown  to  scatter  to  approximately  the  same 
extent  mass  for  mass,  not  only  X-radiation  of  short  wave-length,  but  X- 
radiation  of  any  wave-length  between  widely  separated  limits). 

The  increase  of  the  scattering  with  the  atomic  weight  of  the  scattering 
substance  becomes  more  marked  with  X-radiation  of  greater  wave-length, 
until  for  long  waves  it  becomes  very  considerable;  that  is,  the  heavier 
elements  scatter  much  more,  mass  for  mass,  than  ilight  elements  when  the 
radiation  is  of  long  wave-length  {"  soft ").  Thus  the  intensity  of  X-radiation 
of  given  wave-length  scattered  by  equal  masses  of  different  elements  increases 
with  the  atomic  weight  of  the  element,  and  the  intensity  of  X-radiation 
scattered  from  a  given  material  increases  with  the  wave-length  of  the  radia- 
tion of  given  intensity.  These  variations  are  inappreciable  among  elements 
of  low  atomic  weight  for  radiations  of  wave-length  which  may  be  regarded  as 
ordinary  Rdntgen  radiation. 

In  conclusion,  a  discussion  is  given  of  the  theoretical  bearing  of  these 
observations  on  the  problem  of  atomic  structure.  A.  B.  W; 

686.  Symmetry  of  Rdntgen  Patterns  of  Monoclinic  Crystals,  H.  Haga 
and  F.  M.  Jaeger.  (K.  Akad.  Amsterdam,  Proc.  18.  7.  pp.  1201-1206, 1916.) 
•^The  paper  contains  a  collection  of  results  obtained  by  radiating  through 
parallel  plates  of  monoclinic  crystals.  As  representatives  of  the  different 
classes  of  symmetry  the  following  crystals  have  been  studied :  (a)  Of  the 
monoclinic-sphenoidical  class— dextrogyratory  tartaric  acid,  cane  sugar  and 
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dextrogyratory  rhamnose.  (b)  Of  the  monoclinic-domatic  class — scolezite. 
(c)  Of  the  monoclinic-prismatic  class — ^gypsum,  epidote,  amphibole,  and  augite. 

In  every  case  the  Rontgen  patterns  show  a  symmetry  quite  in  accordance 
with  the  conclusions  drawn  from  the  proposed  theory  of  the  diffraction- 
phenomenon. 

An  interesting  explanation  is  given  of  the  presence  of  a  bright  ring 
round  the  central  spot  observed  in  some  of  the  patterns.  A.  B.  W. 

687.  Experiments  to  Detect  Refraction  of  X-rays.  C.  Q.  Barkla.  (Phil. 
ilag.  81.  pp.  267-360/  April,  I916b)--Oti  the  simple  theory  of  dispersion  the 
refractive  index  (jt)  of  a  substance  is  given  by  an  expression  of  the  form — 


'''"■^"^Z>K''S-«*y 


where  N  is  the  number,  per  unit  volume,  of  particles  of  mass  m,  charge  e, 
and  vibration  frequency  ffo»  and  n  is  the  frequency  of  the  incident  radiation. 
If  then  the  theory  were  applicable  even  in  a  modified  form  to  radiation  of 
such  short  wave-length  as  that  in  X-radiation,  it  seems  just  possible  that  by 
careful  experiment  refraction  might  in  some  cases  be  detected.  Experi- 
ments have  been  made  previously  by  a  number  of  investigators,  but  they 
have  not  been  of  such  a  kind  as,  with  our  present  state  of  knowledge,  to 
justify  any  hope  of  success.  In  the  present  experiments  a  narrow  beam  of 
X-rays  was  passed  through  two  refracting  prisms  of  KBr,  with  refracting  edges 
vertical  but  with  their  bases  on  opposite  sides  of  the  transmitted  radiation. 
After  passing  through  the  prisms  the  rays  fell  on  a  photographic  plate  placed 
about  H  metres  away.    No  evidence  of  refraction  was  obtained.       A.  B.  W. 

683.  Genesis  and  Absorption  of  X-rays.  J.  J.  Thomson.  (Engineering, 
101.  pp.  406-407,  April  28,  1016.  Lecture  delivered  before  the  Roy.  Inst, 
April  14,  I916.)*-As  introduction,  an  outline  is  given  of  the  principal  features 
observed  in  the  case  of  emission  and  absorption  of  the  visible  part  of  the 
spectrum.  The  analogous  cases  for  X-rays  are  subsequently  considered.  In 
particular,  reference  is  made  to  the  Rontgen  radiation  lying  between  the 
visible  light  and  the  "  medical  rajrs  "  (or  **  ordinary "  X.ra)rs).  The  difficulty 
in  this  region  consists  mainly  in  that  the  waves  are  too  short  to  be  examined 
by  the  aid  of  gratings  and  too  long  for  making  use  of  the  spacings  of  the 
planes  in  which  atoms  are  grouped  in  crystals.  A  description  follows  of  the 
production  and  absorption  of  this  type  of  radiation,  and  an  interesting  outline 
of  its  peculiarities  and  properties.  A.  B.  W. 


RADIO-ACTIVITY. 

689.  Long-range  a-Particles  from  Thorium.  E.  Rutherford  and  A.  B. 
Wood.  (PhU.  Mag.  81.  pp.  879-886,  April,  1916.)— In  the  course  of  an 
examination  of  a  strong  source  of  the  active  deposit  of  thorium  by  the 
scintillation  method,  a  few  bright  scintillations  were  observed,  which  were 
able  to  penetrate  through  a  thickness  of  matter  corresponding  to  11'8  cm.  of 
air  at  760  mm.  and  15°  C.  These  scintillations  were  undoubtedly  due  to 
a-particles  of  greater  velocity  than  any  previously  known.  The  number 
of  these  long-range  particles  decreased  exponentially  with  the  time,  falling 
to  half  value  in  10*6  hours — the  normal  period  of  decay  of  the  active  deposit 
of  thorium.  Further  investigation  has  shown  that  the  long^ange  particles 
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are  apparently  divided  iato  two  homogeneous  groups  of  max.  ranges  10* 2  and 
11*8  cm.  respectively.  The  number  of  these  a-particles  is  about  1/10,000  of 
the  total  number  emitted  from  ThC,  two-thirds  of  the  number  having  a  range 
of  11*8  cm.  These  a-particles  are  believed  to  have  their  origin  in  the  trans- 
formation of  The,  and  the  results  indicate  that  the  atoms  of  ThC  can  break 
up  in  three  and  probably  four  distinct  ways  with  the  emission  of  four  charac- 
teristic groups  of  a-particles  of  ranges  5*0,  8*6, 10*2,  and  11*8  cm.  A.  W. 

690.  Constants  cf  Radio-activity,  Q.  L.  "Wcndt.  (Phys.  Rev.  7.  pp.  880- 
898,  March,  1916»>---This  paper  contains  the  subjoined  table  of  the  funda- 
mental radio-active  constants. 


Subttanoet. 


(«ec-»). 


Uramam  1 

Uranium  Xt 

Uranium  Xa    

Uranium  2 

Uranium  Y 

Ionium....^..*. 

Radium  

Ra  Emanation  

Radium  A  

Radium  B  

Radium  Ci 

Radium  C, 

Radium  C 

Radium  D  

Radium  E  

Polonium  (RaF) 

Thorium 

Mesothorinml  

Me8othorium2  

Radiothorium 

ThoriumX 

Th  Emanation  

Thorium  A 

Thorium  B 

Thoriiun  Ci   

Thorium  D 

Thorium  C    

Actinium.. 

Radio-actinium 
[Radio-actinium']  ? 

Actinium  X 

Act  Emanation 

Actinium  A 

Actinium  B 

Actinium  Ct   , 

ActinhimD 

Actinium  C   , 


43  X  10-w 
8-8  X  10-' 

OOl 

1-1  X  10-" 

7-6  X  10-« 

22  X  10-» 

1-26  X  10-" 

2-086  xia-« 

8  85  X  10-» 

4-88  X  10-* 

5-93  X  10-* 

8*3  X  10-« 

7  X  10+» 

1-39  X  10-» 

1-66  X  10-* 

6-90  X  10-« 

1-2  X  10-» 

40  X  10-* 

3*1  X  10-* 

109  X  10-« 

2-20  X  10-« 

00128 

50 
1-8  X  10-» 
1-9  X  10-* 
3-7  X  10-« 
7xlO+» 
1  X  10-" 
4-25  X  10-» 
3-2  X  10-«? 
7-6  X  10-^ 
0-18 
850 
8-2  X  10-* 
6-37  X  10-* 
2-26  X  10-* 
700 


Half4if« 
Period. 


5xl0^yr8. 

24*6  d. 

1*15  min. 

2xlO»yr8.3 

85*5  hrs. 

lO^yre. 
1780  yrs. 

3-85  d. 

8*0  min. 
26*7  min. 
19*5  min. 

1-4  min. 
10-*  sec.  ? 
15*88  yrs. 

4*85  d. 

136  d. 
I*5xl0»»yr8. 

5*5  yrs. 

6*2  hrs. 

2*02  yrs. 

3*64  d. 

54  sec 
0*14  sees. 

10-6  hrs. 

60  min. 

3*1  min. 

10-»8CC.? 

200  yrs.  ? 
18*88  d. 
60  hrs.  ? 

11*4  d. 

8*9  sec. 
0*002  sec 
86*1  min. 
2*15  min. 
4*71  min. 
0*001  sec 


Range 
In  cm. 
at  100  C. 


Eay.  In  cm. 


a 

a 
a 

«.^ 

a 

a 

a 

a, /J? 
a 


a 

a 
a? 

a? 


a 


2-50 


2-90 

3*11 
3*80 
4-16 
4-75 


6*94 


8.84 
2.72 


3*87 
4-80 
5-00 
5-70 

4*80 

8-60 

8-56 

42 

4-61 

4*26 

5*57 

6*27 

5-15 

6-45 


f^fi  (Al) 
(cro.-i). 


510 
14-4 

800 

200 


76 
18-6 


130 
43*3 


30 


;4  (Al)(cin.^»). 


|24;0-70; 


110 

}  16*3 

170 


soft 
28*5 


0*140 


354;  16;  0*27 


230 :  40  ;  0*51 
6*115 


46;  0-99 
likeRaD 
585 


26 ;  0*116 

160  ;  32  ;  0*1 
0096 

26;  0*190 


120;  81;  0*45 
0-198 


A  catalogue  of  general  relations  involving  the  above-mentioned  constants  is 
also  included.  A.  B.  W. 


691.  Atomic  Weight  of  Radium  Emanation  (Niton).    S.  C.  Lind.  (Science, 
48.  pp.  464-465,  March  81, 1916.)— A  comment  on  the  difference  in  values  of 
the  atomic  weights  of  RaEm  as  appearing  in  the  International  Atomic  Weights 
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table  (222*4)  and  as  deduced  from  radio-active  data  (222*0,  assaming  the 
accuracy  of  Honigschmid's  determination  of  the  atomic  weight  of  Ra,  viz. 
2260).  The  author  considers  there  is  no  justification  for  retaining  the  old 
value,  222'4,  in  the  atomic  table.  A.  B.  W. 

602.  Variation  of  Radio-activity  of  Hot  Springs.  A.  Steichen.  (Phil. 
Mag,  81.  pp.  401-408,  April,  1916.) — Measurements  of  the  radio-activity  of  hot 
springs  at  Tuwa  (Bombay  Presidency)  show  that  it  is  less  when  the  spring 
yields  much  water  than  when  the  supply  of  water  is  relatively  small.  This 
behaviour  of  the  spring  is  not  necessarily  in  contradiction  to  the  results  of 
Ramsey  (Ibid.  40.  pp.  815-818, 1915.)  The  results  can  be  explained  by  local 
conditions.  A.  B.  W. 

693.  Monazite,  Thorium,  and  Mesothorium.  K.  L.  Kithel.  (Bureau  of 
Mines,  Techn.  Paper  No.  110  [82  pp.]  Washington,  1915.)--A  description  is 
given  of  the  occurrences  of  monazite  in  the  United  States,  the  uses  to  which 
its  products  can  be  put,  and  the  methods  of  mining  and  treatment.  The 
investigation  has  been  suggested  by  the  Bureau  of  Mines  for  the  purpose  of 
aiding  in  the  efficient  utilisation  of  radio-active  materials,  and  the  subject  is 
treated  mainly  from  the  commercial  standpoint. 

For  further  particulars  the  original  paper  should  be  consulted.      A.  B.  W. 

694.  Absorption  and  Diffusion  of  Fast  Kathode  Rays  (fi-Rays)  in  Gases  and 
Vapours.  £.  Friman.  (Ann.  d.  Physik,  49.  4.  pp.  878-418,  March  24, 
1916.) — ^The  paper  describes  an  investigation  on  the  absorption  and  difiFusion 
of  the  j3-rays  from  UrX  in  gases  and  vapours.  The  experimental  arrange- 
ment is  devised  so  as  to  eliminate  all  outsdde  influences  in  the  determination 
of  the  magnitude  of  the  absorption,  especially  the  error  due  to  the  diffusion 
of  the  radiation.  The  absorption  measurements  have  been  made  by  two 
methods  differing  only  in  principle,  viz.  the  method  of  *'  distance-variation  " 
and  the  method  of  *'  pressure- variation."  The  first  method  was  found  to  be 
most  suitable  in  the  determination  of  absolute  values  of  the  absorption 
coefficients ;  the  second  method  was  applied  in  the  determinations  of  the 
relative  absorptive  powers  of  different  gases.  The  value  of  the  absorption 
coefficient  for  the  /3-rays  from  UrX,  in  air  at  N.T.P.  was  found  to  be 
0*0047  cm.-^  The  absorption  in  the  cases  of  the  gases  oxygen  and  COt,  and 
the  vapour  of  acetone,  is  approximately  proportional  to  the  density.  The 
halogen  compounds  (isobutylchloride,  chloroform,  carbon  tetrachloride,  ethyl 
bromide,  methyl  iodide),  on  the  other  hand,  show  marked  deviations  from 
such  proportionality. 

The  quantitative  determination  of  the  diffusion  of  the  radiation  in  the 
above-mentioned  gases  and  vapours  supports  the  theory  developed  by 
Lenard.  The  diffusion  factors  obtained  are  determined,  as  in  the  previous 
case  of  absorption,  by  the  density  of  the  gas  through  which  the  rajrs  are 
passing.  The  halogen  compounds  in  this  case  also  show  considerable 
deviations,  increasing  with  atomic  weight,  again  like  the  absorption 
coefficients.  A.  B.  W. 
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606.  Thermal  Conductivity  of  Air:  Micro-manometers  xviih  Electrical 
Heating,  E.  Marini  and  M.  Blache.  (N.  Cimento,  11.  pp.  95-117,  Jan.- 
Feb.,  1916.)— Continuing  the  work  of  Knudsen  [see  Abs.  899  (1911)]  the 
authors  have  made  experiments  on  the  thermal  conductivity  of  air  at  pressures 
below  0*1  mm.  of  mercury  in  order  (1)  to  determine  the  influence  of  the 
residual  gas  in  the  flask  containing  the  metallic  filament  when  the  tempera- 
ture is  very  high,  and  (2)  to  construct  a  manometer  of  practical  use.  The 
results  of  the  measurements  show  (1)  that  the  quantity  of  heat  q,  traversing 
a  gas  enclosed  between  wbUs  at  different  temperatures,  is  proportional  to  this 
difference  of  temperature  even  for  small  intervals,  and  (2)  that  q  is  pro- 
portional to  the  pressure  p,  if  very  thin  wires  are  used  in  the  experiments. 
When,  however,  it  is  desired  to  render  the  arrangement  more  sensitive  or 
to  pass  a  larger  current  through  the  galvanometer,  it  becomes  necessary  to 
use  thicker  wires  in  order  to  avoid  excessive  heating ;  in  such  cases  the  law 
of  proportionality  between  q  and  p  no  longer  holds,  and,  in  the  instance 
studied  by  the  authors,  the  curves  obtained  are  not  in  agreement  with  the 
experimental  law  deduced  by  Knudsen  for  very  thin  wires  at  very  high 
pressures.  Advantages  possessed  by  these  manometers  over  that  of  MacLeod 
are  their  applicability  to  vapours  and  their  continuous  record  of  the  variation 
of  the  pressure ;  their  emplo3rment  seems,  therefore,  useful  provided  they 
are  compared  with  the  MacLeod  instrument.  One  defect  of  all  such 
micromanometers  with  electric  heating  lies  in  the  necessity  for  standardising 
them  not  only  for  air  but  also  for  any  other  gas  with  which  they  are  used, 
owing  to  the  variation  with  different  gases  (1)  of  the  specific  heats  at 
constant  pressure  and  volume  and  therefore  of  the  coefficient  of  conductivity 
and  (2)  of  Knudsen's  coefficient  of  accommodation,  which  is  not  easily 
determined  experimentally.  T.  H.  P. 

696.  Experiments  on  the  Flow  of  Heat  in  Metal  Sheets.  S.  Skinner. 
(Phys.  Soc.,  Proc.  28.  pp.  119-122  ;  Disc,  122-128,  April  15,  1916.)— If  a 
sheet  of  tinned  iron  be  heated  locally  by  means  of  a  Bunsen  burner  or  blow- 
pipe the  tin  is  melted  for  a  certain  distance  from  the  heated  region.  On 
allowing  the  sheet  to  cool  the  re-solidified  tin  is  separated  from  the  unmelted 
tin  by  a  very  sharp  line  of  demarcation.  This  line  gives  us  the  equi- 
temperature  curve  corresponding  to  the  melting-point  of  tin.  By  pushing 
the  heating  to  a  greater  or  less  extent  a  series  of  such  equi-temperature 
curves  can  be  obtained  for  a  sheet  of  any  particular  shape  heated  at  any 
given  point.  The  cases  shown  illustrated  the  flow  of  heat  into  a  rectangular 
plate  from  a  heated  tongue ;  into  a  circular  disc  from  a  heated  tongue ;  round 
the  comer  of  an  L-shaped  strip  and  into  the  vanes  of  an  air-cooled  cylinder. 
The  results  are  shown  to  be  closely  analogous  to  the  flow  of  electricity  in 
similarly  shaped  conductors.  Author 

697.  Ratio  of  Specific  Heats  of  Nitrogen,  F.  A.  Schulzeand  H.  Rathjen. 
(Ann.  d.  Physik,  49.  4.  pp.  457-469,  March  24, 1916.  Extract  of  Dissertation, 
Marburg.)-*The  experiments  described  form  a  part  of  a  series  of  similar 
researches  for  the  determination  of  c>  and  K  =:  r^c^  for  various  gases. 
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Results  have  already  appeared  describing  determinations  of  Cp  for  helium, 
hydrogen,  nitrogen,  air  and  oxygen,  and  of  K  =  c>/Cv  for  oxygen.  In  the 
present  investigation  an  accurate  determination  is  made  of  Cp\c^  for  nitrogen, 
employing  the  sound-velocity  method.  The  relative  wave-lengths  of  sound 
of  a  given  frequency  are  determined  in  air  (free  from  water-vapour  COf,  etc.) 
and  in  purified  nitrogen,  various  corrections  being  applied.  The  mean 
value  of  K  =  c^/Cp  for  nitrogen  at  N.T.P.  is  given  as  1-4144  ±  (HX)02.  Using 
this  result,  and  the  value  of  Cp  for  nitrogen  (=0*2429,  found  previously),  the 
value  J  =  4-198  x  W  ergs  is  deduced.  A.  B.  W. 

698.  Determination  of  the  True  Temperatures  of  Solid  Bodies  from  the 
Intersection  Point  cf  the  ** Logarithmic  Jsochromates"  in  the  Visible  Speetrunu 
E.  P.  Hyde.  (Ann.  d  Physik,  42.  2.  pp.  144-148,  Feb.  22, 1916.)— The  paper 
is  a  criticism  of  a  paper  by  Elisabeth  Benedict  under  the  same  title  [see 
Abs.  1699  (1915)].  It  was  there  asserted  that  if  the  "  logarithmic  isochro- 
mates,"  or  straight  lines  connecting  log  E\  and  1/T  of  a  black  or  grey  body, 
obtained  by  measurements  with  a  comparison  source  at  constant  tempera- 
ture, intersect  at  a  point,  then  the  energy  distribution  in  the  spectrum  of  the 
comparison  lamp  is  the  same  as  that  of  the  blade  or  grey  body.  Hence  it 
follows  that  the  comparison  lamp  between  particular  limits  of  temperature 
radiates  as  a  grey  body,  and  its  true  temperature,  as  well  as  that  of  the 
black  or  grey  body,  is  that  given  by  the  intersection  point.  If  the 
"  logarithmic  isochromates"  do  not  intersect  at  a  common  point,  this 
divergence  points  to  selective  radiation. 

While  agreeing  with  the  latter  conclusion,  Hyde  points  out  that  it  is 
easily  possible  that  the  radiating  source  is  wholly  selective,  that  is,  it  may 
possess  in  the  blue  end  of  the  spectrum  a  far  greater  power  of  emission  than 
in  the  red  end.  Nevertheless  the  character  of  the  selectivity  may  be  oi  such 
a  kind  that  a  black  or  grey  body  at  a  certain  temperature  possesses  exactly 
the  same  energy-distribution  in  the  visible  spectrum.  The  true  temperature 
of  the  comparison  source  would  be  in  this  case  quite  different  from  that  of 
the  black  or  grey  body.  Experiments  with  a  tungsten  lamp  run  at  a 
particular  voltage  verify  these  conclusions.  T.  B. 

699.  Studies  of  Instruments  for  measuring  Radiant  Energy  in  Absolute 
Value.  An  Absolute  Thermopile.  W.  W.  Coblentz  and  W.  B.  Emerson. 
(Bureau  of  Standards,  BuU.  12.  pp.  508-551, 1916  [Sd.  Papers,  No.  261].}— 
One  of  the  chief  necessities  in  the  measurement  of  radiant  energy  is  an 
instrument  that  shall  give  reliable  absolute  measurements.  The  object  of  the 
paper  is  the  examination  of  an  instrument  designed  for  this  purpose,  in  order 
to  test  its  reliability  in  general  radiometric  work,  e,g.  as  a  radiation  pyro- 
meter. A  by-product  of  the  investigation  is  the  evaluation  of  the  so-called 
Stefan- Boltzmann  constant  {r)  of  total  radiation.  The  radiometric  "  receiver  " 
which  is  the  subject  of  the  present  investigation  consists  of  a  very  thin  strip 
of  metal  (Pt,  manganin,  or  "therlo")  coated  with  lampblack,  etc.,  behind 
which,  at  a  distance  of  2  or  8  mm.,  is  a  bismuth-silver  thermopile.  The 
"receiver"  can  be  used  in  three  ways:  (1)  to  absorb  radiant  energy; 
(2)  as  a  source  of  radiant  energy  (by  heating  it  electrically) ;  (8)  as  a  standard 
source  of  radiation  for  testing  the  sensitivity  of  the  thermopile  and  galvano- 
meter. Thirteen  "  receivers  "  of  different  material  and  dimensions  were  tested 
with  satisfactory  results,  the  values  for  <r — uncorrected  for  reflection  from 
receiver— agreeing  v^ell  with  those  of  previous  observers,  with  a  mean  value 
of  about  5-7  X  lO*^*.    The  instrument  has  now  been  placed  in  an  evacuated 
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enclosare,  and  radiation  measurements  are  to  be  made  at  certain  fixed 
temperature  points  as  defined  by  the  melting-points  of  metals  such  as  Au, 
Ag,  and  Pd.  In  this  way  it  is  hoped  to  eliminate  the  various  sources  of  error 
met  with  in  such  measurements,  and  to  obtain  a  reliable  value  of  the 
constant  <r.  T.  B. 

700.  Ignition  of  Gases  by  Impulsive  Electrical  Discharge*  W.  M. 
Thornton.  (Roy.  Soc,  Proc.  92.  pp.  881-401,  May  6,  1916.)— Considera- 
tion of  the  ignition  of  gases  by  impulsive  discharge  first  as  a  function  of 
sparking  distance  shows  that  the  shorter  the  distance  the  greater  the 
spark,  so  that  the  volumes  of  the  least  igniting  sparks  are,  in  a  typical 
case,  the  same  for  all  spark-lengths.  Ignition  may  occur  with  intense 
momentary  brush  discharge,  generally  with  the  true  disruptive  spark.  The 
products  of  combustion  are  found  to  be  ionised  and  to  carry  a  positive 
charge.  The  gases  examined  were  mixtures  with  air  of  hydrogen, 
methane,  propane,  pentane,  ethylene,  acetylene,  carbon  monoxide, 
C3ranogen,  co<d  gas,  and  a  mixture  of  hydrogen  and  methane  in  equal 
volumes.  With  hydrogen,  propane,  pentane,  and  CO,  the  difficulty  of  igni- 
tion increases  gradually  as  the  percentage  of  oxygen  is  reduced,  methane  is 
ignited  by  the  same  spark  whatever  the  percentage  of  gas  may  be,  ethylene 
and  cyanogen  have  the  stepped  atomic  type  of  ignition,  and  ethylene  is  more 
inflammable  in  rich  mixtures.  With  hydrogen  and  methane  in  equal  volumes, 
the  ignition  is  of  the  type  of  that  of  methane  and  of  the  magnitude  of  that  of 
hydrogen. 

As  regards  the  limits  of  inflamoiability  of  the  parafi&ns,  the  upper  limit  is 
reached  when  the  volume  of  combustible  gas  present  is  double  that  in  the 
mixture  corresponding  with  perfect  combustion,  and  the  lower  limit  when* 
the  volume  of  oxygen  is  twice  that  required  for  perfect  combustion  less  one 
atom  to  the  molecule  of  combustible  gas.  In  the  case  of  coal  gas,  ignition 
takes  place  through  methane.  A  brief  survey  is  given  of  the  four  types  o£ 
electrical  igmtion,  covering  the  whole  range  from  the  most  rapid  to  the 
sk>west  rate  of  discharge  from  the  poles.  The  results  obtained  furnish  direct 
evidence  in  support  of  the  view  that  ignition  begins  by  ionisation  of  the 
oxygen  present  in  the  mixture.  T.  H.  F^ 

701.  "Centre  of  Gravity"  and  "Effective  Wave-length"  of  Transmission  of 
Pyrometer  Colour-screens.  P.  D.  Foote.  (Bureau  of  Standards,  Bull.  12. 
pp.  488-601, 1916  [Sci.  Papers,  No.  260].)— The  effective  wave-length  of  the 
colour-screens  used  with  optical  pyrometers  shifts  along  the  spectrum  as  the 
temperature  of  the  source  sighted  upon  changes.  This  effective  wave-length 
has  been  generally  taken  as  the  so-called  centre  of  gravity  of  the  luminosity 
curve,  but  Hyde,  Cady,  and  Forsythe  have  more  correctly  defined  the 
effective  wave-length  of  a  pyrometer  glass  between  any  two  temperatures,  as 
that  wave-length  for  which  the  ratio  of  the  radiation  intensities  corresponding 
to  the  two  temperatures  exactly  equals  the  ratio  of  the  integral  transmitted 
luminosities  for  the  same  two  temperatures.  In  this  paper  the  difference 
between  the  centre  of  gravity  and  th6  true  effective  wave-length  as  defined 
above  is  discussed  mathematically,  and  it  is  shown  that  the  true  effective 
wave-length  at  any  temperature  is  the  centre  of  gravity  of  the  curve 
Lx/X  :=/(X),  where  Lx  is  the  luminosity  at  wave-length  X  of  the  transmitted 
li|^t  It  i&  further  shown  that  when  an  absorption  glass,  Nicol  prisms,  or 
sector  disc  is  used  with  a  pyrometer  employing  light  which  is  not  strictly 
monochromatic  (such  as  the  Holborn-Kurlbaum  instrument)  for  the  object  of 
reducing  the  brightness  of  the  sources  sighted  upon,  the  relation  between  the 
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true  temperature  9  and  the  measured  temperature  8  is  of  the  form 
IjB  —  1/S  =  A,  where  A  has  heretofore  been  considered  a  constant.  Actually^ 
it  is  shown,  A  varies  rapidly  with  change  in  temperature  of  the. source.  The 
consideration  of  A  as  a  constant  may  introduce  errors  as  great  as  40  or  60  deg. 
at  8500°  if  the  absorption  device  is  calibrated  in  the  usual  manner.  When 
two  or  more  absorption  glasses  are  used  together  it  is  not  permissible  to 
assume  that  the  value  of  A  for  the  entire  system  is  equal  to  the  sum  of  the 
values  of  A  for  the  glasses  used  separately.  It  is  shown  that  the  combination 
of  a  sector  disc  and  absorption  glass  gives  a  value  of  A  which  is  practically 
independent  of  9.  J.  W.  T.  W. 

702.  Luminosity  of  a  Black  Body,  P.  D.  Foote  and  C.  O.  Fairchild. 
(Bureau  of  Standards,  Bull.  18.  pp.  187-145, 1916  [Sci.  Papers,  No.  270].)— The 
luminosity  of  a  radiator  is  defined  as  the  integral  from  0  to  oo  with  respect 
to  X  of  the  product  of  visibility  (V)  and  energy  (J)  of  the  radiating  source, 

-00 

i.e.  L  =      VJ^  where  V  =/(X)  is  given  by  the  experimental  determinations 

Jo 
of  Ives,  Nutting,  and  Hyde  and  Forsythe,  and  J  =  ciX"^^""*^*  (Wien's  law). 
The  e£Eective  wave-length  Xl  of  the  luminosity  has  been  defined  analjrtically 

00  oo 

by  Foote  [see  preceding  Abs.]  as  Xl=  j  VJrfx/ f  (VJ/X)t/X.  From  this 
expression  and  that  for  L  given  above  it  is  seen  that — 

d  log  Ud9  =  (c^a»)  [  (y]l\)d\/j  VJd\  =  (c,/0^/Xl. 

If  now  the  expression  for  Xl  be  assumed  to  be  of  the  form — 

XL=a  +  6/0-hc/a»  +  ... 

where  a,  6,  c, ...  are  dimensional  constants,  then  this  expression  for  Xl  may  be 
substituted  in  the  above  value  of  d  log  L/^,  and  hence  L  =»/(&)  may  be 
obtained  by  integration.  The  quantity  Xl  is  the  value  of  the  X  co-ordinate  of 
the  centre  of  gravity  of  the  curve  JV/X  versus  X,  and  in  the  present  work 
values  of  Xl  for  temperatures  ranging  from  1000^  to  7000°  abs.  were  obtained 
directly  from  the  JV/X  versus  X  curves  by  means  of  the  Amsler  Integrator 
No.  1.  The  possible  forms  of  the  luminosity  equation  are  as  follows:— 
Case  I.  Xl=  a,  that  is  the  constants  b,  c,  etc.,  are  zero.  This  gives  the  well- 
known  Rasch  equation  logL  =  —  Cf/XL0  + const.  Case  II.  \L=a  +  bl9 
which  gives  Nutting's  equation  L  =  A(B/0  + 1)"^,  where  B  =  6/a  and 
C  =  ctlb.  Case  III.  \L'=a  +  bl9  +  cle^  which  gives  L  =  A(B  -|-  9)^(0  +  e)-^ 
where — 

B  =  [6  -  ^/(6>  -  4ac)]/2a,  C  =  [6  +  x/(6«  -  4ac)l /2a,  D  =  c,/>/(6>  -  4ac). 

The  actual  values  of  the  constants  in  the  equations  of  the  three  cases  are 
given  in  the  paper,  and  it  is  shown  that  Case  III,  and,  in  general  Case  II,  are 
sufficiently  accurate  for  representing  the  luminosity  of  a  black  body  at  various 
temperatures  between  1000°  and  7000^  abs.,  whereas  the  Rasch  equation  may 
be  50  %  in  error  at  1000°  if  the  value  obtained  at  8000°  is  assumed  correct. 
The  highest  luminous  efficiency  which  a  black  body  can  possess  occurs  at 

a  temperature  such  that    I  VidKi  I  ]dKssLI{9*  x  const)  as  maximum.    By 

substituting  L  from  the  equation  of  Case  III  the  value  0aus.  =  6547°  abs. 
is  obtained.  J,  W.  T.  W. 
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703.  A  Misconception  of  the  Criterion  for  Grey-body  Radiation,  P.  D. 
Foote  and  C.  O.  Fairchild.  (Washington  Acad.  Sci.,  J.  6.  pp.  198-197, 
April  19, 1916.) — Lummer  and  Pringsheim  showed  16  years  ago  that,  if  the 
radiation  from  carbon,  maintained  at  a  constant  high  temperature,  was 
compared  spectrophotometrically  with  that  from  a  black  body  at  different 
temperatures,  then  the  logarithm  of  the  ratio  of  the  intensities  of  the  two 
sources  for  any  given  X  plotted  against  the  reciprocal  of  the  absolute  tem- 
perature of  the  black  body  gives  a  straight  line.  Moreover,  the  straight  lines 
for  various  wave-lengths  in  the  visible  spectrum  intersect  at  a  common 
point.  They  suggested  that  this  was  a  proof  of  the  greyness  of  carbon,  and 
that  the  temperature  at  the  point  of  intersection  vi^as  the  true  temperature  of 
the  hot  carbon.  This  statement  is  repeated  in  a  recent  paper  by  Benedict 
working  under  Lummer  and  Pringsheim's  direction. 

It  is  shown  in  the  present  paper  that  the  theoretical  isochromatics 
obtained  from  Wien's  distribution  law  by  assuming  that  the  emissivity  is  an 
exponential  function  of  \  (so  that  the  radiator  dealt  with  is  not  grey)  will  have 
a  common  point  of  intersection,  and  this  therefore  cannot  be  taken  as  a 
proof  of  greyness.  The  true  temperature  is  greater  than  that  of  the  common 
point.  The  authors  have  verified  both  these  statements  by  experiments  on  a 
radiator  designed  to  give  radiations  which  were  not  grey.  D.  O.  W. 

704.  Radiation  Theory.  M.  B.  Vreinstein.  (Ann.  d.  Physik,  49.  8. 
pp.  868-872,  March  7, 1916.)— A  mathematical  paper  which  reaches  Planck's 
fmidamental  radiation  formulae  by  a  new  statistical  derivation.  It  was  at 
first  anticipated  that  this  new  method  would  lead  to  a  new  result,  but,  with 
certain  interpretations,  it  is  found  to  lead  to  Planck's  well-known  formulae. 

E.  H.  B. 

705.  Thermodynamics  of  Water-vapour,  R.  Plank.  (Zeits.  Vereines 
Deutsch.  Ing.  60.  pp.  187-198,  March  4,  and  pp.  218-217,  March  11, 1916.)— 
This  is  a  mathematical  paper,  which  does  not  admit  of  complete  abstraction. 
The  ordinary  technical  equations  of  state  for  vwtter-vapour  which  allow  of  the 
calculation  of  the  specific  volume  in  the  region  of  importance  in  practice  (up 
to  20  atmos.  and  500°  C.)  with  an  error  of  a  few  thousandths,  lead  to  values 
of  the  specific  heat  Cp  differing  appreciably,  especially  in  the  neighbourhood 
of  saturation  and  at  the  higher  pressures,  from  the  results  of  Knoblauchi 
Jakob,  and  Mollier's  direct  measurements.  The  author  shows  that  it  is 
possible  to  deduce  an  equation  of  state  which,  although  less  convenient 
than  those  referred  to,  yields  accurate  specific  volumes  and  also  furnishes 
values  for  the  specific  heat  in  agreement  with  the  experimental  numbers. 

Since  it  is  difficult  to  arrive  at  accurate  values  of  c^  from  the  equation  of 
state,  the  inverse  method  is  proposed  :  Jakob's  values  for  c^  are  taken  as  the 
starting-point  and  are  expressed  by  a  suitable  formula  independently  of  the 
pressure  and  of  the  temperature.  From  this  formula  the  corresponding 
equation  of  state  is  then  derived  thermodynamically,  this  then  giving  true 
values  for  the  specific  volumes.  Jakob  treated  this  problem  graphically,  and 
the  author  has  attempted  to  amplify  the  graphical  solution  by  a  purely 
analytical  one,  which  is  more  convenient  in  many  ways.  It  is  found,  for 
example,  possible  to  calculate  the  magnitude  of  the  cooling  on  throttling,  the 
results  agreeing  with  the  measured  values.  T.  H.  P. 
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SOUND. 

706.  The  Tonoscope,  C.  E.  Seashore.  (Science,  48.  pp.  502-696,  April  28, 
1916.  Paper  read  before  the  Nat.  Music  Teachers  Assoc.,  Buffalo,  N.Y., 
Dec.,  1916.) — It  is  possible  to  make  vibrations  that  produce  a  tone  to  the  ear 
produce  also  a  picture  to  the  eye — a  picture  which  reveals  details  of  pitch 
faithfully  and  far  more  finely  than  the  ear  can  hear,  and  which  may,  there- 
fore, be  employed  for  the  objective  measurement  of  pitch  and  as  a  guide  in 
training  to  sing  and  play  in  pitch.  The  singer  standing  before  an  instru- 
ment, called  the  tonoscope,  sees  in  clear  pictures  every  pitch  movement  of  the 
voice  as  he  is  singing ;  he  sees  exactly  how  many  vibrations  per  sea  the 
vocal  organs  are  producing,  and  thereby  can  tell,  at  the  very  moment 
of  singing  a  note,  what  error  is  involved,  even  down  to  the  hundredth  of 
a  tone.  The  player  of  the  violin,  flute,  or  cornet,  etc.,  may  treat  his  instru- 
ment in  the  same  way.  The  student  of  public  speaking  can  study  the 
inflections  of  the  voice  and  train  for  mastery.  A  full  account  of  the  tono- 
scope  is  given  in  pp.  1-66  of  the  Psychological  Review  (Princeton,  N.J.).  It 
works  on  the  principle  of  moving  pictures,  technically  known  as  strobo- 
scopic  vision.  It  converts  the  sound  vibrations  into  pictures  on  a  screen. 
This  screen,  which  may  be  seen  through  an  opening  on  the  front,  has  nearly 
20,000  dots  so  placed  that  when  acted  upon  by  a  sensitive  light  they 
arrange  themselves  in  characteristic  figures  for  every  pitch  within  the  range 
of  the  human  voice.  Each  figure  points  to  a  number  on  the  screen  which 
indicates  the  pitch.  The  dots  are  arranged  into  110  rows ;  the  first  row  has 
110  dots,'the  next  111,  and  so  on,  one  dot  more  in  each  row,  to  the  last,  which 
has  219  dots.  When  the  tone  is  sounded  the  row  which  has  the  dot  frequency 
that  corresponds  to  the  vibration  frequency  of  the  tone  will  stand  still,  while 
all  dots  move  and  tend  to  blur.  The  row  which  stands  still,  therefore,  points 
to  a  number  on  the  scale  which  designates  the  pitch  of  the  tone.  The  screen 
contains  a  sufficient  number  of  rows  of  dots  to  cover  exactly  one  octave. 
Tones  above  or  below  this  octave  are  read  on  this  same  screen  by  msltiples. 

E.  H.  B. 

707.  Human  Auditory  Sensitiveness  for  Pure  Tones  of  Specified  Pitches. 
J.  W.  Bimbaum.  (Ann.  d.  Physik,  49.  2.  pp.  201-228,  Feb.  22, 1916.)— 
Describes  with  many  diagrams  and  photographs  an  arrangement  of  tele- 
phones and  resonators  for  testing  the  sharpness  of  hearing  of  the  human 
subject  for  pure  tones  of  specific  pitches.  E.  H.  B. 

70a  PropagaHon  of  Sound  from  Gun-firing  and  Great  Explosions.  F. 
Ndlke.  (Phys.  Zeits.  17.  pp.  81-66,  Feb.  1,  1916.)— Discusses  the  various 
theories  as  to  the  explanation  of  the  zone  of  silence  between  the  first  and 
second  regions  of  audibility  with  special  reference  to  the  works  of  von  der 
Borne  and  of  de  Quervain.    [See  Abs.  468  (1916).]  E.  H.  B. 
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ELECTRICITY  AND  MAGNETISM. 
THEORY,  ELECTROSTATICS.  AND  ATMOSPHERIC  ELECTRICITY. 

709.  Electron  Theory  of  Metals.  C.  W.  Oseen.  (Ann.  d.  Physik,  49. 1. 
pp.  71-84,  Feb.  4,  1916.) — A  critical  discussion,  mainly  mathematical,  of  the 
current  electron-theory  of  the  emission  and  absorption  of  a  thin  metal  plate. 
The  author  feels  doubtful  as  to  whether  the  problem  attacked  by  the  statistical 
method  is  really  the  same  as  that  subjected  to  experimental  investigation. 

E.  H.  B. 

710.  Motion  of  Ions  {and  Electrons)  in  an  Electric  and  Magnetic  Field  and 
various  Dependent  Phenomena.  A.  Righi.  (N.  Cimento,  11.  pp.  6-47,  Jan^- 
Feb.,  1910.) — In  this  theoretical  and  mathematical  paper  the  author  develops 
his  electronic  theory  of  electromagnetic  ponderomotive  forces  [see  Abs.  1102 
(1915)] .  Formulae  are  deduced  which  represent  the  motion  of  an  electrified 
particle— electron  or  ion — under  the  action  of  an  electric  field  and  of  a  mag- 
netic field,  both  uniform.  The  particle  is  at  first  assumed  to  be  entirely  free  ; 
later  it  is  supposed  to  occur  among  molecules,  account  being  taken  of  the 
effects  due  to  the  incessant  collisions.  The  general  formulae  thus  obtained 
are  then  employed  to  furnish  explanations  of  such  phenomena  as  the  influence 
of  the  magnetic  field  on  the  distribution  of  the  current  in  the  case  of  metals, 
electrolytes,  and  gases  and  the  theory  of  magnetic  rays,  etc.  T.  H.  P. 

711.  lonisaUon  of  the  Upper  Atmosphere.  W.  F.  Q.  Swann.  (Terrest. 
Magn.  21.  pp.  1-8,  March,  1916.)--From  various  points  of  view  there  are 
indications  that  the  upper  atmosphere  is  to  be  treated  as  a  region  of  high 
electrical  conductivity.  One  of  the  first  theories  which  took  this  hypothesis 
as  one  of  its  bases  was  that  developed  by  Schuster  to  account  for  the  diurnal 
variatioirof  the  earth's  magnetism  [see  Abs.  1168  (1908)].  There  are  different 
sources  to  which  the  necessary  ionisation  may  be  ascribed,  but  the  most 
natural  is  that  of  the  ultra-violet  light  from  the  sun.  In  the  present  paper 
some  calculations  are  made  to  determine  the  possibility  of  this  cause  leading 
to  the  required  effect.  Considering  first  the  fraction  of  the  solar  energy 
that  is  available  for  gaseous  ionisation  (wave-length  less  than  185  nfi),  if  the 
radiation  from  the  sun  is  treated  as  black-body  radiation,  this  is  deduced  to 
be  1*61  X  10-^  of  the  total  energy  entering  the  atmosphere.  It  is  assumed 
that  the  ionisation  is  confined  to  a  layer  800  km.  thick  and  the  number  of  ions 
which  will  be  produced  per  cm.'  per  sec.  by  this  energy  is  then  calculated. 
Taking  suitable  values  for  the  coefficient  of  recombination  and  the  specific 
velocities  of  the  ions  in  the  high  altitudes  considered,  the  specific  conductivity 
9  is  next  deduced  to  have  a  value  of  8  x  10^  e.s.  units.  The  value  of  v  required 
by  Schuster  is  about  10*  times  as  large  as  this.  The  above  calculation  is 
based  on  the  assumption  that  the  atmospheric  pressure  in  the  layer  is  1  dyne 
per  cm.',  and  the  assumption  of  a  smaller  pressure  provides  a  loophole  out  of 
the  difficulty.  A  curious  result  which  arises  from  a  further  calculation  on 
these  lines  is  that  the  conductivity  of  the  atmosphere  should  theoretically  tend 
to  an  infinite  value  with  increase  of  altitude,  if  we  assume  the  laws  of  variation 
of  the  various  quantities  with  pressure  which  hold  at  pressures  that  are 
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measurable  to  apply  also  with  smaller  pressures.  The  physical  reason  for 
this  lies  in  the  increase  in  the  specific  velocity  of  the  ions  with  diminution  of 
pressure,  that  is,  with  increase  of  altitude.  }.  S.  Di. 


DISCHARGE  AND  OSCILLATIONS. 

712.  Ionic  Mobilities  in  Hydrogen,  II.  W.  B.  Haines.  (Phil.  Mag.  81. 
pp.  889-847,  April,  1916.)— In  a  previous  paper  [Abs.  1729  (1916)]  the  pre- 
liminary  results  were  given  of  experiments  showing  the  presence  of  several 
kinds  of  negative  carriers  in  pure  hydrogen  ionised  by  a-rays.  Experiments 
have  now  been  made  at  different  pressures,  so  that  a  revised  and  extended 
series  of  measurements  can  be  given.  Measurements  were  made  of  the 
mobilities  of  the  positive  ion  and  three  different  negative  ions  in  hydrogen 
over  a  range  of  pressures  between  8  cm.  and  76  cm.  The  results  for  two  of 
the  negative  ions  are  expressed  by  the  equations  Pu  =  604*7  and  Pf^  =  1206 
respectively.  The  work  for  the  third  and  lightest  ion  is  not  yet  so  complete. 
Theoretical  considerations  indicate  that  the  three  negative  ions  are  built  up 
from  elements  containing  respectively  1,  8,  and  6  molecules  of  hydrogen  per 
electronic  charge,  and  the  element  in  the  positive  ion  has  9  molecules  per 
electronic  charge.  A.  W. 

713.  Direct  Photoelectric  Determination  of  Planck' 9  "h,"  R.  A.  Millikan. 
(Phys.  Rev.  7.  pp.  856-888,  March,  1916.)— In  1906  Einstein,  connecting 
photoelectric  effects  and  quantum  theory,  proposed  the  following  equation 
for  the  max.  energy  of  emission  of  corpuscles  under  the  influence  of  light : 
Jmz^=:V«  =  Av— ^,  in  which  hv  is  the  energy  absorbed  by  the  electron 
from  the  light  wave,  p  the  work  necessary  to  release  the  electron  from  the 
metal  surface,  and  imi^  the  energy  with  which  it  leaves  the  surface — ^an 
energy  measured  by  the  product  of  its  charge  e  and  the  p.d.  against  which  it 
is  just  able  to  drive  itself  before  being  brought  to  rest.  The  results  of  the 
present  series  of  observations  seem  to  show  that  at  least  five  of  the  experi- 
mentally verifiable  relationships  which  are  actually  contained  in  the  above 
equation  are  rigorously  correct  These  relationships  are  embodietl  in  the 
following  assertions  :  (1)  That  there  exists  for  each  exciting  frequency  v,  above 
a  certain  critical  value,  a  definitely  determinable  max.  velocity  of  emission 
of  corpuscles ;  (2)  that  there  is  a  linear  relation  between  V  and  v ;  (8) 
that  dVldv,  or  the  slope  of  the  Vv  line,  is  numerically  equal  to  hje  ;  (4)  that  at 
the  critical  frequency  vo  at  which  v:=0,p=s  hvo,  i.e,  that  the  intercept  of  the 
Vv  line  on  the  v  axis  is  the  lowest  frequency  at  which  the  metal  in  question 
can  be  photoelectrically  active  ;  (6)  that  the  contact  e.m.f.  between  any  two 
conductors  is  given  by  the  equation  :  contact  e.m.f  =  hle(v^  —  v^ — (V^,  —  V^J. 

The  author  reviews  previous  work  on  the  above  points,  in  particular  the 
work  of  Elster  and  Geitel,  Richardson  and  Compton,  }.  J.Thomson  [Abs.  586 
(1915)],  Hughes  [Abs.  1874  (ldl2)],  and  by  Hennings,  Wright  and  Kadesch 
(in  the  author's  laboratory). 

The  present  work  is  much  more .  exhaustive  in  character  than  that  of 
previous  workers,  each  of  the  above  6  points  being  very  carefully  tested  by 
experiment.  A  detailed  description  is  given  of  the  methods  employed  in 
removing  surface  films  in  vacuo,  measuring  photo-currents  and  photo- 
potentials,  and  the  simultaneous  measurement  of  the  contact  e.mi.'s  of  the 
surfaces.  Sources  of  error  and  their  elimination  are  points  next  considered. 
A  series  of  extremely  careful  experiments  are  then  described,  in  which  the 
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value  of  Planck's  constant  "A"  is  photoelectrically  determined  with  an 
accuracy  of  about  06  %, 

The  value  found  is  A  =  6'67  X  lO-*',  which  the  author  considers  is  by  far 
the  most  reliable  value  of  '*  h  "  that  is  thus  far  available. 

Contact  e.m.f.  and  the  long-wavelength  limits  of  photo-sensitiveness  are 
examined  carefully,  the  paper  concluding  with  a  discussion  of  various  theories 
of  photo-emission. 

Einstein's  photoelectric  equation,  after  being  subjected  to  very  searching 
tests,  appears  to  predict  exactly  the  observed  results.  A.  B.  W. 

714.  Repulsion  Effect  in  the  Electric  Arc.  A.  Sellerio.  (N.  Cimento,  11. 
pp.  67-W,  Jan.-Feb.,  1916.) — The  reaction  upon  a  point  from  which  an  elec- 
tric discharge  is  taking  place  has  been  studied  by  S.  Arrhenius  and  E.  J. 
Moore  [Abs.  910  (1912)]  and  the  author  has  applied  a  similar  method  to  the 
carbons  of  the  electric  arc.  One  carbon  is  carried  at  the  extremity  of  the  arm 
of  a  torsion  balance  so  that  the  force  upon  it,  in  the  direction  of  a  repulsion 
from  the  other  carbon,  can  be  measured  in  terms  of  the  twist  in  a  fine  wire, 
and  on  suitable  calibration  converted  into  dynes.  The  current,  voltage, 
length  of  arc,  and  area  of  crater  are  also  measured.  The  chief  results  are  as 
follows : — ^The  force  on  the  positive  carbon  is  greater  than  that  on  the  negative 
carbon ;  the  repulsion  increases  with  the  current  and  diminishes  slightly  as 
the  length  of  arc  is  increased ;  the  order  of  magnitude  of  the  force  for  currents 
up  to  20  amps,  is  in  milligrammes  weight.  Various  carbons,  solid  and  cored, 
equal  and  unequal  are  used  and  curves  are  given  connecting  torsion  and 
current  These  consist  of  broken  lines,  the  sections  being  straight  and 
meeting  at  angles  approacljing  180°.  The  force  goes  through  several  stages 
as  the  current  increases,  and  passes  with  discontinuity  from  stage  to  stage. 
Impregnations  of  metallic  salts  increase  the  force  on  the  negative  carbon  and 
decrease  that  on  the  positive.  S.  G.  S. 

715.  Arc  and  Glow  Discharge,  M.  La  Rosa.  (N.  Cimento,  11.  pp.  48- 
66,  Jan.-Feb.,  1916.)— Further  experiments  [see  Abs.  1862  (1912)],  with  the 
aid  of  photographs  of  the  discharges,  show  that  arc  and  glow  discharge 
represent  the  extreme,  most  stable  forms  of  a  whole  series  of  intermediate 
forms  which  exhibit,  more  or  less  highly  developed,  the  elements  character- 
istic of  each  type  of  discharge.  This  varjring  degree  of  development  depends 
principally  on  the  properties  of  the  substance  of  the  electrodes.  Thus,  with 
carbon,  owing  to  its  feeble  thermal  conductivity  and  perhaps  also  to  the 
marked  Edison-efifect  that  it  possesses,  the  craters  should  be  especially  per- 
sistent, either  when  the  carbon  functions  as  kathode  or  when  it  acts  as  anode 
towards  a  kathode  but  little  adapted  to  the  formation  of  craters.  In  the  last 
case,  a  true  crater  persists  on  the  carbon  rod  even  when  the  discharge  on  the 
other  electrode,  for  instance,  an  Al  plate,  is  distinctly  of  the  glow  discharge 
type.  Such  obstinate  persistence  of  the  craters,  due  to  the  properties  of  the 
electrodes  and  not  to  intrinsic  modality  of  the  type  of  discharge,  would,  when 
the  discharge  passes  between  two  carbons,  probably  mask  all  the  intermediate 
forms  which  the  discharge  could  assume. 

With  silver,  for  opposite  reasons,  the  contrary  occurs ;  the  craters  have 
but  slight  stability  and  the  more  persistent  form  is  the  glow  discharge. 
Hence,  a  silver  kathode  and  a  carbon  anode  give  readily  a  discharge  of 
mixed  type  and  with  difficulty  an  arc  ;  with  the  silver  as  anode,  the  reverse 
is  the  case.  Aluminium  has  intermediate  properties  highly  favourable  to  the 
gradual  development  of  the  various  forms  taken  by  the  discharge.    Its  con* 
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ductivity,  which  is  neither  too  high  nor  too  low,  permits  of  the  formation  of 
craters  (positive  and  negative),  which  are,  however,  not  so  stable  as  with 
carbon;  further,  the  alteration  of  its  surface  favours  the  transformation  of 
the  discharge,  since  \t  regulates  automatically  and  very  gradually  the  intensity 
of  the  current.  Another  property  of  Al  which  probably  contributes  con- 
^derably  to  the  phenomenon  is  its  ready  emission  of  an  sUbundant  stream  of 
negative  electrons  under  the  action  of  various  causes ;  such  a  property  should 
render  aluminium  especially  suitable  to  function  as  a  kathode  in  the  glow 
discharge.    Photographs  of  the  various  types  of  discharge  are  reproduced. 

T.  H.  P. 

ELECTRICAL   PROPERTIES  AND  INSTRUMENTS. 

716.  Force  exerted  between  Coaxial  Circular  Current-carrying  Conductors. 
F.  W.  Grover.  (Bureau  of  Standards,  Bull.  12.  pp.  817-878,  Feb.,  1916.)— 
This  paper  comprises  a  complete  statement  of  previous  formulae  and  includes 
the  development  of  a  more  direct  solution  of  the  case  where  two  parallel, 
coaxial,  circular  coils  are  placed  at  such  a  distance  that  their  mutual  attrac- 
tion or  repulsion  is  a  maximum.  Methods  for  the  application  of  the  formulae, 
worked-out  examples,  and  tables  to  facilitate  calculation  are  given.  The  paper 
does  not  permit  of  a  more  detailed  abstract.  W.  H.  G. 

717.  Light-sensitiveness  of  Copper  Oxide.  A.  H.  Pfund.  (Phys.  Rev.  7. 
pp.  289-801,  March,  1916.)— A  more  complete  account  of  the  work  dealt  with 
in  Abs.  284  (1916). 

718.  The  Hypotheses  of  Faraday  and  Mossotti  and  Certain  Conditions  satisfied 
at  the  Contact  of  Two  Dielectrics.  P.  Duhem.  (Comptes  Rendus,  162. 
pp.  409-418,  March  20, 1916.)— A  mathematical  paper.  I.  W. 


ALTERNATING  CURRENTS   AND   MAGNETISM. 

719.  Reversible  Change  of  Residual  Magnetisation  with  Temperature. 
G.  J.  Elias.  (K.  Akad.  Amsterdam,  Proc  18.  7.  pp.  1068-1071,  1916.)— 
When  the  temperature  of  a  ferromagnetic  body  that  possesses  residual 
magnetism  rises,  the  magnetism  changes  too  (decreases,  say).  If  then  the 
magnet  is  again  cooled  to  its  original  temperature,  the  magnetisation  increases 
again,  but  not  to  its  original  value.  If  this  heating  and  cooling  is  repeated 
a  state  is  finally  reached  in  which  the  changes  are  reversible  ;  that  is  to  say, 
by  a  rise  of  temperature  the  magnetisation  decreases  as  much  as  it  increases 
again  by  the  following  equal  fall  of  the  temperature.  This  reversibility  only 
holds  between  the  limits  of  temperature  used  here.  A  quantitative  study  of 
the  phenomena  was  then  carried  out  experimentally,  and  the  results  of  G.  R. 
Ashworth  for  steel  (1898)  were  confirmed.  E.  H.  B. 

720.  Change  of  Length  of  Nickel  Wires  of  Different  Rigidities  due  to  Alter- 
nating Magnetic  Fields.  W.  Brown.  (Roy.  Dublin  Soc,  Proc.  15.  pp.  41-60, 
Feb.,  1916.)— The  results  of  further  experiments  on  Ni  wires  when  subjected 
to  the  influence  of  alternating  magnetic  fields  of  frequencies  up  to  150  per 
sec.  are  given.  The  wires  used  were  in  five  different  states  of  rigidity,  and 
the  fields  employed  were  longitudinal  and  both  direct  and  alternating.  The 
method  used  was  the  same  as  in  the  previous  experiments,  the  rigidity  being 
measured  by  a  modification  of  Searle's  torsion  apparatus.    Some  difficulty 
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was  found  due  to  changes  of  length  arising  from  the  heating  e£Fect  of 
the  field  on  the  wire.  As  the  load  on  the  wire  was  increased,  in  general 
the  contraction  decreased.  When  in  the  case  of  a  wire  of  rigidity 
810  X  10^  gm./cm.'  the  load  was  increased  16  times  the  contraction  decreased 
abont  10%  for  the  longitudinal  magnetic  field,  and  about  80%  for  an  alternating 
magnetic  field  of  frequency  150  per  sea  When  the  rigidity  of  the  wire  used 
was  706  X  10^  gm./cm.'  the  decrease  of  the  contraction  was  half  as  much 
again  in  the  soft  state  as  when  the  wire  was  harder.  Details  are  given  in 
tables  of  the  values  of  the  contraction  in  different  cases  as  affected  by  the 
rigidity  load  and  magnetic  field.  An  interesting  result  is  obtained  when  a 
comparison  is  made  of  the  values  of  the  rigidity  and  the  values  of  the 
contraction  obtained  with  longitudinal  magnetic  fields  of  200  units  produced 
by  direct  current  and  alternating  current  of  frequency  150  per  sea  when 
the  wires  are  under  the  influence  of  two  different  loads.  If  the  values  of  the 
rigidity  are  taken  as  abscissae  and  the  corresponding  values  of  the  contraction 
as  ordinates  the  points  on  the  curve  obtained  both  in  the  case  of  direct  and 
alternating  fields  lie  very  approximately  on  two  straight  converging  lines. 
Comparing  the  cases  of  the  wires  of  highest  and  lowest  rigidity  used 
(810  and  708  x  10^  gm./cm.*)  it  is  seen  that  when  the  load  on  the  wires 
is  0*5  X  10^  gUL/cm.'  a  decrease  of  the  rigidity  of  about  12*5%  is  accompanied 
by  an  increase  of  contraction  of  about  60%  for  a  direct  field  and  of  about 
80%  for  an  alternating  field  of  frequency  150  per  sea,  the  magnitude  of  the 
field  being  200  c.g.s.  units.  J.  }.  S. 

721.  Statistical  Theory  of  Dia-,  Para-  and  M eta-magnetism.  R.  Gans. 
(Ann.  d.  Physik,  49.  2.  pp.  149-178,  Feb.  22,  1916.)— Metamagnetic  bodies 
are  those  recently  observed  by  Weber  and  Overbeck  [Abs.  1885  (1915)], 
which  are  paramagnetic  in  weak  fields  and  diamagnetic  in  strong  fields.  A 
mathematical  theory  is  developed  which  includes  this  new  class  of  body. 
Assuming  that  a  magneton  consists  of  a  rigid  system  of  electrons,  it  follows 
that  the  behaviour  is  always  diamagnetic  if  the  magneton  possesses  no  axis 
of  figure.  If  the  three  principal  moments  of  inertia  are  all  equal,  the 
diamagnetic  susceptibility  is  independent  of  the  field  and  temperature.  This 
has  often  been  observed.  If  the  principal  moments  of  inertia  are  not  all 
equal,  there  is  an  effect  due  to  field  and  temperature,  as  Honda  has  shown 
to  be  the  case,  except  for  very  low  temperatures.  A  quantitative  comparison 
of  the  theory  with  measurements  should  give  the  number  of  magnetons  in 
the  gramme  molecule,  and  also  the  principal  moments  of  inertia  of  the 
molecule.  If  the  magneton  has  an  axis  of  figure,  the  behaviour  is  para- 
magnetic. The  magnetic  moment  then  remains  constant  with  time;  it  is 
also  independent  of  temperature,  as  Weiss  found,  and  has  also  a  finite  value 
at  absolute  zero.  On  account  of  this  fact  it  is  not  therefore  necessary  to 
assume  an  energy  value  for  absolute  zero  temperature.  Further,  whilst 
diamagnetism  may  appear  alone,  this  is  not  the  case  with  ^ the  paramagnetic 
state  with  which  diamagnetism  is  always  associated  in  the  form  of  thermal 
rotations  round  the  equatorial  axis.  In  weak  fields  and  at  low  temperatures, 
the  paramagnetic  condition  will  preponderate,  but  with  increase  of  field  and 
rise  of  temperature  this  may  change  to  the  diamagnetic  state,  as  was  shown 
by  Weber  and  Overbeck.    [See  Abs.  1449  (1905),  1128  (1915)  and  loc.  ci7.] 

G.  E.  A. 

722.  Magnetic  Laws  for  Sted  and  other  Materials,  J.  D.  Ball.  (Franklin 
Inst.,  ].  181.  pp.  459-504,  April,  1916.  Gen.  EL  Rev.  19.  pp.  660-890,  May, 
I916.)--The  paper  begins  with  the  consideration  of  the  reluctivity  law  of 
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Kennelly  and  the  hysteresis  law  of  Steinmetz.  From  an  ezamination  of  many 
reluctivity-field  graphs,  the  graph  is  foand  to  consist  chiefly  of  two  straight 
lines,  which  are  nearly  in  line,  the  bend  occurring  at  a  definite  value  of  the 
field,  e,g.  B  =  80  for  a  high-silicon  steel.  Tests  on  a  commercial  Si  steel 
show  that  the  Steinmetz  law  is  followed  as  far  as  B  =  10,000,  but  that  with 
greater  flux  density  there  is  an  apparent  divergence,  the  loss  being  greater 
than  is  demanded  by  theory.  The  causes  of  the  apparent  deviations  from 
these  magnetic  laws  are  next  considered.  The  bend  of  the  reluctivity  curve 
indicates  that  the  component  parts  of  the  material  under  test  may  be  divided 
into  two  magnetic  constituents.  The  softer  constituent  carries  a  greater 
proportion  of  the  flux  until  approaching  saturation  reduces  its  permeability, 
after  which  the  additional  flux  is  forced  into  the  harder  material  whose 
permeability  is  correspondingly  increased.  This  view  is  strengthened  by 
the  fact  that  a  pure  metal  gives  a  straight  reluctivity  cure  within  the  Hmifcs 
of  the  test.  The  deviation  from  the  theoretical  hjrsteresis  curve  also  indi- 
cates that  a  heterogeneous  material  is  under  test  The  most  prominent 
deviations  from  the  two  laws  do  not,  however,  occur  at  the  same  vadue  of  H. 
Sheet  Si  steel,  as  commercially  used,  is  taken  as  an  example  of  non-homo- 
geneous material,  being  iron  with  about  10  %  scale.  The  magnetic  properties 
of  the  scale  from  Si  steel  were  first  determined,  and  the  index  1*6  of  the 
Steinmetz  law  is  found  to  hold  only  for  the  highest  inductions ;  this  index 
gives  a  value  0^16  for  ii,  the  Steinmetz  constant  The  reluctivity  graph 
gave  practically  a  straight  line  from  H  =  40  to  H  =s  105,  and  another  straight 
line  from  H  =  105  upwards.  The  max,  permeability  of  the  steel  scale  was 
154  at  B  =  8700,  and  saturation  B  was  about  8700.  Taking  these  values  in 
conjunction  with  the  corresponding  values  for  Si  steel,  the  total  flux  for 
a  series  of  fields  is  calculated  for  a  specimen  assumed  to  be  made  up  of  90  % 
steel  and  10  %  scale.  The  hysteresis  losses  are  then  calculated  for  the  two 
parts  of  the  composite  body  by  means  of  the  Steinmetz  law.  When  log 
(hysteresis)  is  plotted  against  log  B,  the  graph  is  a  straight  line  to  about 
B  =  12,000,  beyond  which  the  increase  in  hysteresis  is  greater  than  if  the  1*6 
law  held  for  the  mixture.  This  agrees  with  experiment,  and  might  easily 
account  for  the  apparent  increase  of  hysteresis  in  sheet  steel  at  high  induc- 
tions. Further  experiments  were  made  with  iron  and  cobalt  in  nearly  pure 
condition.  These  were  tested  in  ring  shape,  first  separately  and  then  together, 
small  flat  rings  of  the  two  metals  being  employed.  Whilst  the  reluctivity 
curve  for  Co  is  straight,  that  for  iron  bends  slightly  at  about  H  =  84,  and  that 
for  the  composite  ring  has  a  sharp  bend  for  H  s  55.  Hysteresis  measurements 
for  the  rings  give  a  line  having  a  slope  of  1*62  to  B  =  6000,  beyond  which 
there  is  an  abnormal  increase  of  hysteresis.  In  an  investigation  of  asym- 
metrical loops  it  is  stated  that  the  hysteresis  loss  per  cycle  can  be  expressed 
by  the  equation  :  /r  =  (ij  -|-  a  B\;f)B***,  where  a  is  a  coefi&cient  depending  on 
the  material,  and  B^  is  the  mean  induction  for  the  loop.  In  an  appendix, 
some  additional  properties  of  steel  scale  are  described,  such  properties  as 
high  frequency,  skin  e£Fect,  and  eddy-current  losses.  According  to  a  calcula- 
tion, the  max.  allowable  thickness  of  scale  which  has  no  appreciable  skin 
effect  at  10,000  cycles  is  0015  in.,  and  the  max.  frequency  to  give  no 
skin  effect  is  480,000  cycles  per  sec.  G.  E.  A. 

723.  Electrical  and  Magnetic  Properties  of  Pure  Iron  in  Relation  to  Crystal 

Size.    F.  C.  Thompson.    (PhU.  Mag.  81.  pp.  857-866^  April,  1916.)— The 

author  has  previously  studied  the  effect  of  crystal  size  on  the  elastic  strength 

of  metals  [Abs.  278  (1916)].    At  the  crystal  junctions  was  supposed  a  layer 
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of  the  metal  in  an  amorphous  slate.  The  estimated  thickness  of  this  layer 
was  10-**  cm.  In  the  present  paper  electrical  resistance  and  magnetic 
properties  are  dealt  with  from  the  same  point  of  view.  Pure  Swedish  bar 
iron  was  chosen  since  the  crystal  size  can  be  varied  over  a  wide  range  by 
suitable  thermal  treatment.  Four  specimens  were  prepared  in  which  the 
number  of  oystals  varied  from  276  to  690  per  cm.  length.  Whatever  the 
number,  the  length  of  crystalline  metal  traversed  by  the  current  is  sensibly 
the  same.  The  observed  specific  resistance  pi  can  thus  be  written 
pi  s  p,  -f  nR  where  pt  is  the  specific  resistance  of  the  crystalline  portion, 
n  the  number  of  crystals  per  cm.  length,  and  R  the  boundary  resistance  for 
each  grain.  For  the  specimens  examined  the  author  deduces  pa  =  6*88  and 
R  =  1'72  X  lO"*  microhms-cm.  A  fifth  specimen  subjected  to  prolonged 
annealing  showed  a  very  irregular  structure  consisting  of  coarse  and  fine 
grains.  The  Specific  resistance  was  7*152  microhms-cm.  For  the  other, 
specimens  pi  varies  from  7*251  to .  7-986.  The  difference  in  crystal,  size 
probably  accounts  for  the  different  values  of  the  specific  resistance  obtained 
by  different  observers.  In  the  case  of  a  metal  like  copper  little  variation  of 
crystal  size  can  be  obtained,  consequently  determinations  of  specific  resist- 
ance agree  with  one  another.  Alloys  which  consist  of  a  single  solid  solution 
should  conform  to  a  law  similar  to  that  above.  A  Cu-Zn-Ni  alloy  was  examined, 
but  the  diminution  in  specific  resistance  on  coarsening  the  structure  by 
annealing  was  very  small.  The  author  supposes  internal  strains  set  up 
rendering  the  conductivities  of  the  crystalline  and  amorphous  parts  probably 
the  same.  Benedicks  has  measured  the  specific  resistance  of  steels  and  has 
represented  his  results  by  p  =ss 76  +  26*8 Sc,  where  2c  is  the  sum  of  the 
carbon  and  the  equivalents  in  carbon  of  the  other  elements  present  in 
solution.  This  can  only  be  regarded  as  an  approximation  to  the  truth  since 
it  takes  no  account  of  grain  size.  v.  Weimarn,  by  analogy  with  the  resistance 
of  colloidal  solutions,  has  proposed  a  formula  similar  to  the  author's.  For  a 
binary  alloy  Rayleigh  expresses  the  added  resistance  by  278^/  [kjp  +  k'lq], 
where  c  is  the  thermoelectric  power  of  the  components  of  the  alloy,  k  and  k' 
are  their  thermal  conductivities  and  p  and  q  the  practical  volume  of  each.  In 
a  pure  metal  if  k  and  p  correspond  to  the  crystal  portion  and  k'  and  q  to  the 
amorphous  part  the  expression  reduces  to  ^IMqlk'  and  q  is  proportional  to  n. 
Thus  the  total  resistance  will  be  an  expression  of  the  same  form  as  that 
proposed  by  the  author. 

For  a  max.  magnetising  field  of  -05  cg.s.  the  induction  was  practically 
the  same  for  all  specimens,  viz.  18,400.  The  remanent  magnetism  was 
uninfluenced  by  size  of  crystal.  The  constancy  of  permeability  is  contrary 
to  what  we  should  expect  at  first  sight  The  increase  of  permeability  of 
iron  by  alloying  with  Al,  Si,  or  P  has  usually  been  ascribed  to  the  production 
of  larger  crystals.  The  author  considers,  however,  that  the  removal  of  oxygen 
by  these  added  constituents  is  the  more  possible  cause  of  increased  per* 
mcability.  The  coercive  force  and  the  hysteresis  loss  per  cycle  {e)  increase 
with  the  number  of  crystals  per  unit  length.  The  author  also  determined 
the  Brinell  hardness  (H)  for  the  different  ^>ecimens  and  finds  ^sSOH^**. 
The  specific  resistance  of  the  ''drastically"  annealed  sample  was  relatively 
low,  the  larger  grains  being  the  determining  factor,  but  as  regards  magnetic 
hardness  the  smaller  grains  are  predominant  as  the  specimen  has  a  relatively 
high  coercive  forcet  L.  L. 

724.  Significance  of  the  Dependence  between  Magnetic  Susceptibility  and 
Dissodaiion.    Association  between  Ions  and  Solvent.    A«  Quartaroli.    (Soc« 
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Chim,  Ital.,  Gazzetta,  45. 1.  pp.  158-160, 1015.)— It  has  been  observed  that  the 
atomic  susceptibility  of  Fe  and  of  Mn,  in  solutions  of  their  salts,  increases 
with  the  dilution,  and  the  author  found  a  similar  increase  with  solutions 
of  ferric  chloride  to  which  hydrochloric  acid  had  been  added  in  order  to 
prevent  hydrolysis  [see  Abs.  922  (1916)].  There  appears,  indeed,  to  be  a. 
well-defined  relation  between  magnetic  susceptibility  and  electrol3rtip  dis- 
sociation. The  action  of  a  magnetic  field  on  a  magnetic  disperse  system  . 
is  discussed  for  the  cases  in  which  the  disperse  phase  consists  of  :  (1)  macro- 
scopic granules,  (2)  microscopic  and  ultramicroscopic  granules,  (8)  amicrons 
and  non-dhssociated  molecules,  and  (4)  ions.  If  the  solution  is  placed  between 
the  poles  of  a  powerful  electromagnet,  then,  in  case  (1)  the  granules  will  be 
attracted,  and  will  move  through  the  liquid  towards  the  poles  ;  when ,  a  little 
potassium  sulphate  is  added  to  a  moderately  dilute  ferric  chloride  solution, 
the  granules  of  ferric  hydroxide  formed  will  not  at  first  be  attracted,  but 
when  they  have  increased  sufficiently  in  size,  a  slight  attraction  will  be 
observable.  In  colloidal  solutions  of  magnetic  substances  no  measurable 
variation  occurs  in  the  different  parts  of  the  liquid,  and  this  behaviour  is 
explained,  on  the  basis  of  Stokes'  law,  as  a  result  of  the  smallness  of  the 
particles.  The  same  reasoning  applies  with  greater  force  in  the  case  of 
amicrons  and  undissociated  molecules.  With  ions,  also,  no  variation  in  the 
concentration  takes  place  under  the  influence  of  the  field,  but  the  whole  of 
the  liquid  undergoes  either  attraction  to  the  poles  or,  with  dilute  solutions, 
less  repulsion  than  is  exerted  on  the  solvent  alone.  In  this  case,  then,  the 
ions  behave  as  though  rigidly  connected  with  the  solvent,  and  in  view  of  the 
relation  between  susceptibility  and  dissociation  the  conclusion  is  drawn  that 
the  ions  and  the  water  are  bound  together  by  electrostatic  attraction.  These 
results  are  discussed  in  their  relation  to  Ciamician's  hypothesis  concerning 
the  state  otf  solutions  of  electrolytes.  T.  H.  P. 

7a5.  On  the  HalUeffect  and  Allied  Phenomena.  A.  W.  Stnlth.  (Phil. 
Mag.  81.  pp.  867-868,  April,  1916.)— Critical  note  with  reference  to  Livens' 
statements  [see  Abs.  1549  (1915)].  Smith  points  out  that  the  Hall-effect  and 
the  permeabihty  depend  in  different  ways  upon  the  temperature;  conse- 
quently the  variation  of  the  Hall-effect  with  the  temperature  cannot  be 
entirely  accounted  for  by  the  variation  of  the  permeability  with  the 
temperature.  L.  H.  W. 

RADIO(}RAPHY  AND  ELECTROPHYSIOLOGY. 

726.  The  Bases  of  Dosimetry  in  Radiology.  R«  Ledoux-Lebard  and 
A.  Dauvillier.  (Comptes  Rendus,  162.  pp.  405-407,  March  18, 1916.)— The 
determination  of  the  dose  of  Rdntgen  rays  used  in  radio-therapy  is  a  very 
complex  question.  The  different  methods  which,  up  to  the  present  have 
been  employed  all  present  marked  selective  effects,  and  consequently  require, 
first  of  all,  qaalitaitive  measurement.  They  give  only  a  mean  value ;  some  of 
them  are  inconvenient,  and  not  one  of  them  enables  a  precise  measurement 
of  the  intensity  or  quality  of  the  radiation  to  be  made,  because  the  latter 
is  always  very  heterogeneous.  If  it  is  desired  to  introduce  into  radio-therapy 
rational  and  incontestable  means  of  determining  the  dose,  it  becomes  neces- 
sary first  of  all  to  modify  the  sources  of  the  jays  by  making  tubes  which 
give  a  monochromatic  radiation  the  quality  and  intensity  of  which  can  be 
immediately  measured  with  exactitude.  It  is  further  necessary  to  modify. ibe 
sources  of  high-tension  current  such  as  are  at  present  used.    It  is  proposed 
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to  employ  a  continuous  current  for  tubes  used  in  radio-therapy,  particularly 
in  the  case  of  those  fitted  with  a  Coolidge  kathode.  A  CooUdge  tube  run 
with  a  continuous  ciu-rent  supplied  from  a  condenser  charged  by  a  coil  or  a 
turning  contact  gives  a  bundle  of  rays  absolotel3r  contitinous:  the  pheno- 
menon of  discontinuity  of  kathodic  emission  does  not  exist  in  such  a  tube. 
Further,  the  fact  that  the  intensity  is  independent  of  the  voltage  makes  it 
possible  for  the  tube  to  be  mounted  directly  on  the  terminals  of  the  con« 
denser.  Ordinary  and  Coolidge  tubes,  run  with  continuous- current,  show  no 
difference  in  the  power  of  penetration  of  the  rays  from  those  obtained 
directly  by  means  of  a  coil.  The  rays  have  a  hardness  of  8*5°  Benoit  with  an 
equivalent  spark  of  16  cm.,  which  corresponds  to  a  static  potential  of  80,000 
yoU&  After  some  difficulty,  condensers  have  been  made  which  support 
easily  a  pressure  of  100,000  volts  per  element,  and  by  joining  them  up  in 
cascade  it  is  possible  to  make  them  good  for  200,000  volts.  Under  these 
conditions  the  apparatus  gives  exact  indications  which  are  easy  to  interpret, 
and  it  is  possible  always  to  obtain  identical  conditions.  A.  E.  G. 

727.  Illusory  Protection  against  Rontgen  Rays^Physical  Anaphylaxis,  J. 
Bergonii.  (Archives  d'^1.  Medicale,  24.  pp.  111-112,  April,  1916.  Comptes 
Rendus,  162.  pp.  618-614,  April  17,  lj916.)— It  appears  that  tissue  that  has 
once  been  effected  by  Rontgen  rays  remains  for  a  long  time  more  or  less 
sensitive  in  respect  to  those  rays.  It  has  been  found  that  while  in  the  case 
of  a  normal  skin  in  order  to  provoke  a  sensible  reaction  it  takes  a  dose  which 
corre3pond8  to  a  15-minute  exposure  at  a  distance  of  20  cm.  of  the  kathode 
of  a  Chabaud-Villard  tube  emitting  rays  of  6°  BenOit  and  run  by  a  current  of 
0^5  milliamp.,  in  the  case  of  a  sensitive  subject  an  exposure  measured  in 
seconds  is  sufficient,  and  the  distance  is  measured  in  metres.  In  fact,  in 
a  hypersensitive  subject  a  dose  of  1/1600  of  that  normally  required  will 
produce  a  noticeable  reaction.  This  reaction  which  follows  such  extremely 
small  doses  cannot  be  attributed  to  suggestion.  Certain  well-marked  changes 
in  the  tissues,  and  other  effects,  are  described.  A.  E.  O. 

728.  Modified  Technique  of  Localisation  by  means  of  Hirt^s  Compass, 
J.  de  i^oliako£f.  (Archives  d'6l.  Medicale,  24.  pp.  97-109,  April,  1916.)— 
[For  description  of  Hirtz's  arrangement  see  Abs.  768,  928  (1916).] 

729.  The  Injurious  Effects  produced  by  X-rays.  (Rontgen  Soc^  J.  12. 
pp.  88-56^  April,  1916.  Discussion.)— A  good  deal  of  practical  information 
is  given  by  the  contributors  to  the  discussion ;  for  this  the  original  pages 
should  be  consulted,  L.  H.  W. 


VOL.  XIZ.— A.— 1916.  Digitized  by  CrOOg IC 


268  SCISNCB  ABSTRACTS. 


CHEMICAL  PHYSICS  AND  ELECTRO-CHEMISTRY. 

730.  Action  of  Kathode  Rays  on  Bismuth.  W.  P.  Jorissen  and  J.  A. 
Vollgraff.  (Chem.  Weekblad,  W.  pp.  741-744,  1915.)— When  examined 
spectroscopically,  bismuth  is  fonnd  to  contain  traces  of  thallium.  It  is  now 
claimed  that  the  amount  of  Tl  appears  to  be  increased  by  subjecting  the  Bi 
to  exposure  to  kathode  rays.  L.  H.  W. 

781.  PreparaUonof  MdaUic  Vanadium.  R.  Edson  and  D.  Mcintosh. 
(Roy.  Soc.  Canada,  Trans.  9.  pp.  81-^,  1915.)— The  method  described,  whilst 
inapplicable  for  the  preparation  of  vanadium  on  a  large  scale,  may  be  used 
with  advantage  in  the  laboratory,  or  for  demonstration  in  the  lecture-room. 

A  flask,  containing  some  vanadyl  chloride,  is  fitted  with  a  Pt-wire  filament, 
attached  to  two  heavy  copper  leads,  and  also  with  inlet  and  exit  tubes  for  the 
passage  of  a  current  of  dry  hydrogen.  The  filament  is  made  to  glow  by 
passing  a  current  through  it,  and  the  V  is  deposited  smoothly  on  the  Pt  as  a 
silvery-grey  coating.  The  experiment  may  be  carried  out  either  in  a  vacuum 
or  in  an  atmosphere  of  hydrogen  at  low  pressure.  As  soon  as  the  filament 
reaches  a  white  heat  the  deposition  begins,  and  can  be  continued  until  the 
wire  bums  out 

The  vanadyl  chloride  is  made  by  heating  a  mixture  of  the  pentoxide  and 
charcoal  in  a  stream  of  chlorine,  and  need  not  be  purified  from  any  vanacMum 
tetrachloride  it  contains.  T.  S.  P. 

782.  Gallium-Indium  AUoy.  P.  E.  Browning  and  H.  S.  Uhler.  (Am. 
].  Sci.  41.  pp.  851-354,  April,  1916.)— Mercury-like  globules  on  the  surface  of 
a  leady  residue  from  the  distillation  of  zinc  kept  in  a  warm  plaoe,  proved  to 
b^  a  gallium-indium  alloy  containing  about  10  %  of  indium.  The  boiling- 
point  of  pure  gallium  in  vacuo  is  above  1600°  and  its  density  5*91  gm.  per  cm.' 
at  20°.    The  spectroscopic  properties  of  gallium  are  under  investigation. 

T.H.P. 

783.  Compounds  of  Sdenium  with  Silver.  O.  Pellini.  (Soc.  Chim.  Ital., 
Gazzetta,  45. 1.  pp.  588-589, 1915.)— The  melting-point  diagram  of  the  system 
Ag  Se  rises  rapidly  from  the  mcjlting-point  of  Se  (217°)  to  616°,  and  then 
remains  horiirontal  between  4-5  and  52  atom.  %  of  silver,  bejrond  which  it 
again  rises  rapidly  to  a  maximum  of  897^,  corresponding  with  66*6  atom.  %  Ag. 
Next  a  sharp  fall  takes  place  to  845°  (67-68  atom.  %  Ag),  this  being  followed 
by  a  rise  to  890°,  at  which  point  the  temperature  remains  from  68  to 
89  atom.  %  Ag.  Finally  a  rise  occurs  to  the  melting-point  of  silver.  The 
melting-point  found  for  the  compound  AgsSe,  897°,  is  higher  than  the  values 
given  by  Pelabon  [Abs.  1221  (1908)]  and  Friedrich  and  Leroux,  namely  880° 
and  850°  respectively.  Like  the  analogous  compounds,  AgtS,  m.  p.  842° 
[Jaeger  and  Klooster,  1912],  and  AgtTe,  m.  p.  959®  [Pellini  and  Quercigh, 
Abs.  164  (1911)],  AgtSe  melts  without  decomposition.  No  compound 
analogous  to  AgTe  is  formed  in  the  case  of  Se.  The  three  compounds,  A^, 
AgiSe,  and  AgiTe  are  polymorphous-enantiotropic,  the  transformation-points 
being  at  90°  and  179°,  122°  and  188°  respectively.  Silver  selenide  exhibits 
miscibility  gaps  in  the  liquid  state  with  Ag  and  Se,  just  as  is  found  with  the 
system  Sb-S  (Jaeger  and  Klooster)  and,  possibly,  Sn-Sc  (Guertler,  "  Metallo- 
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graphle/'  I.  966).  The  tellorides  of  silver  present  no  misdbility  gaps  with 
their  respectiye  components,  but  silver  shows  such  a  gap  with  AgiS,  stndy  oi 
mixtures  richer  in  snlphtir  not  being  possible.  T.  H.  P. 

734.  Alloys  cfMangat$€se  and  Bismuth.  N.  Parravano  and  U.  Perret. 
(Soc.  Chim.  Ital.,  Gazzetta,  46. 1.  pp.  890-894, 1915.)— Wedekind  and  Weit  and 
Hilpert  and  Dieckmann  [Abs.  219,  211  (1912)]  have  prepared  the  crystalline 
compound,  MnBi,  and  Bekier  [Int.  Zeits.  f .  Metallographie,  7.  p.  88, 1914]  has 
investigated  the  diagram  of  state  of  Mn-Bi  alloys.  The  results  of  the  authors' 
examination  of  this  diagram  are  essentially  identical  with  those  obtained  by 
Bekier,  and  show  that  the  two  metals  are  partly  misdble  in  the  liquid  condition, 
and  form  a  compound  .which  ori^nates  by  peritectic  reaction  at  about  450P. 
With  reference  to  the  ooncentrations  of  the  two  liquid  strata  in  equilibrium  at 
a  high  temperature  and  also  as  regards  the  composition  of  the  compound,  the 
auth(Mrs'  data  differ  from  Bekier's  figures.  The  invariant  temperature  is 
found  to  be  1288^,  and  the  proportions  of  Mn  in  the  two  equilibrated 
mixtures  are  80  %  and  98  %  respectively.  Study  of  the  cooling  curves  for 
mixtures  of  various  compositions  shows  that  the  maximal  thermal  effect 
occurs  with  an  alloy  containing  20  %  of  Mn^  which  corresponds  well  with 
the  compound  Mn^  Crystals  were  also  separated  which  gave,  on  analysis, 
20*42  %  of  Mn  and  80*1  %  of  Bi.  T.  H.  P. 

736.  Preparation  of  Pure  Iron  and  Iron-Carbon  Alloys.  J.  R.  Cain, 
E.  Schramm,  and  H.  E.  Cleaves.  (Bureau  of  Standards,  Bull.  18. 
pp.  1-26,  1916.  [Sci.  Papers,  No.  266].)— The  investigations  carried  out  up 
to  the  present  time  on  the  equilibrium  diagram  of  the  iron-carbon  system 
cannot  be  regarded  as  exhaustive,  because  in  no  case  have  the  investigators 
worked  with  pure  materials.  On  this  account  the  authors  have  prepared 
a  series  of  alloys  containing  0*06  to  8*27  %  of  carbon  to  serve  as  the  ba^  for 
an  accurate  study  of  the  thermal  equilibrium  of  the  Fe-C  S3rstem.  Pure  iron 
has  been  made  by  the  electrol3rsis  of  American  ingot  iron,  and  a  detailed 
study  has  been  made  of  the  fusion  of  the  product  Sources  of  contamination 
have.been  studied  and  the  methods  of  elimination  of  the  impurities  have  been 
worked  out.  Finally  the  iron  was  melted  down  in  pure  magnesia  crucibles. 
Pure  sugar-carbon  was  used  for  making  the  alloys,  and  in  no  case  did  the 
total  content  of  impurities  (Si,  S,  P,  Mn,  Cu,  Co,  and  Ni)  exceed  0H)5  %.  A 
method  has  been  devised  for  casting  sound  ingots  without  the  use  of 
deoxidisers.  The  methods  of  analysis  used  are  described  and  the  results 
were  confirmed  by  spectroscopic  examination.  F.  C.  A.  H.  L. 

736.  Compounds  of  Iron,  Manganese,  Lead  and  the  Metals  of  Group  II, 
8.  \j.  Pickering.  (Chem.  Soc.,  Trans.  109.  pp.  286--260,  March,  1916.)— 
Having  previously  shown  that  cobalt  and  nickel  form  metallo-compounds 
similar  to  those  of  copper,  the  author  has  extended  his  work  to  the  study 
of  the  compounds  of  other  metals  with  organic  adds.  When  first  formed, 
a  metallo-compound  appears  to  contain  the  elements  of  water  in  addition  to 
the  formula  MR,  but  in  many  cases  it  can  be  dehydrated  without  losing  its 
distinctive  properties.  In  this  condition  it  is  strictly  isomeric  with  the  normal 
salt,  from  which,  however,  it  differs  markedly  in  physical  properties^  and  also 
in  constitution,  for  electrolysis  shows  it  to  contain  the  metal  in  Uie  anion. 
Organic  salts  of  metals  exist  in  two  forms— the  normal  salt,  which  is  a 
sparingly  soluble  crystalline  compound,  and  the  metallo-salt  which  is  much 
more  soluble  and  is  generally  obtained  in  the  fprm  of  an  emulsion.    It 
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ehanges  spoataneonsly  into  the  normal  salt.  Over  40  pairs  of  such  com- 
pounds have  been  obtained,  and  in  them  18  metals  and  5  organic  acids 
.figure.  The  metal  in  them  exists  in  the  qoadrivalent  form,  and  while  it  is 
not  swprising  that  Fe,  Pb,  Mn,  Co,  and  Ni  can  act  as  tetrads,  the  cases  of  the 
metato.of  the  caldnm  and  ziftc  groups  are  somewhat  different  It  is  dear 
that  ideas  irespecting  valency  must  be  enlarged  in  view  of  such  knowled^  as 
the  fact  of  Pt  being  hexavzdent  in  the  compound  KiPtCl^.  In  the  majority 
cf  elements,  with  the  possible  exception  of  cart>on  and  hydrogen,  there 
appear  to  be  residual  afiinities,  and  althou^  a  residoal  affinity  may  not 
be  powerfol  enongh  to  attach  itself  =  to  a  third  atom,  it  may  satisfy  itself  at  the 
expense  of  another  residual  affinity.  F.  C.  A.  H.  L. 

7(37.  Electrical  Rattlance  of  Acetic  Add  in  the  Solid  and  Liquid  Phasd. 
J^  H.  L.  Johnstone.  (Nova  Scotian  Inst  of  Sd.,  Proc  and  Trans.  18. 
pp.  191-208,  April  8, 1915.)— Three  methods  have  been  investigated  for  the 
measurement  oiF  high  electrolytic  resistances  and  found  to  yield  satisfactory 
results.  Measurements  of  the  specific  resistance  of  acetic  acid  in  the  s<^d 
and  liquid  phases  over  the  temperature  range  — 80^C  to  -f  27^C.  show  that 
sudden  changes  occur  at  the  ^melting  and  eutectic  points.  It  is  found  that 
the  resistance  in  the  soHd  phase  above  the  eutectic  point  varies  in  a  peculiar 
manner,  and  investigation  shows  that  this  behaviour  is  due  almost  entirely  to 
the  effect  on  the  resistance  of  the  small  proportions  of  water  present  in  the 
acid.  For  the  liquid  phase,  the  temperature  coefficient  is  nearly  constant 
and  equal  to  0*04,  whereas  for  the  solid  phase  it  varies  from  0*80  at  —48^0. 
to  0-25  at— 70°  C.  T.  H.  P. 

738.  Magneto-chemistry :  Applications  to  Analytical  Chemistry^  A.  Quar* 
tarolL  (Soc  Chim.  Ital.,  Gazzetta,  45.  ii.  pp.  406-428,  1915.)— Even  in 
moderately  concentrated  solutions,  ordinary  salts,  such  as  those  of  the 
allnJi  and  alkaline-earth  metals,  aluminium,  ammonium,  etc.,  which  are 
diamagnetic,  exhibit  in  general  susceptibilities  differing  little  from  that  of 
water.  Further,  the  difference  in  susceptibility  between  concentrated  solu- 
tions of  magnetic  salts  and  water  is  some  hundreds  of  times  as  great  as  that 
between  coocentrated  solutions  of  diamagnetic  salts  and  water.  In  order  to 
be  able  to  utilise  magneto^hemical  data  in  quantitative  analysis,  the  author 
employs  a  method  based  on  the  Uat  that  water  is  diamagnetic,  and  that  there 
exists  for  each  magnetic  salt  a  concentration  at  which  its  aqueous  solution  is 
magnetically  inactive.  For  the  measurement  of  these  concentrations  the  use 
of  Quincke's  manometer  is  tedious  and  the  author  employs  an  apparatus 
based  on  the  fact  that  a  current  of  air-bubbles  escaping  from  a  capillary  tube 
dipping  below  the  surface  of  a  magnetic  solution  situate  between  the  pples 
of  an  eiectromagnet  is  retarded  when  the  nu^et  is  excited ;  on  the  other 
hMki,  no  retardation  or  acceleration  occurs  with  a  liquid  which  is  inactive 
or,  more  accurately,  has  a  susceptibility  equal  to  that  of  air.  The  apparatus, 
which  is  readily  fitted  up,  is  depicted  and  the  method  of  using  it  descrit>ed. 
The  accuracy  attainable  is  shown  by  the  fact  that  a  distinction  is  readily 
made  between  manganous  chloride  solutions  containing  2*59  gm.  (inactive) 
and  2*57  gm>  of  Mn  per  litre ;  still  greater  accuracy  would  result  from  the 
use  of  a.magnetic  field  of  more  than  25,000  gauss,  which  was  about  the  value 
employed  by  the  author. 

These  critical  concentrations  have  been  determined  for  a  number  of  ferriO, 
fer]:ous,  mangiAoons,  cobalt,  nickel,  and  copper  salts.  The  influence  of  tho 
anion  is  negligible,  excepting  in  the  case  of  the  sulphates,  and,  unless  they 
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are  present  in  very  large  excess,  the  ordinary  diamagnetic  salts  or  mitiei^ 
acids  produce  only  small  alterations  in  the  inactive  concentration  d  the 
magnetic  salt. 

In  determining  the  concentration  o£  a  salt  of  a  magnetic  metal  in  soliltion, 
the  latter  is  either  diluted  with  water  or  concentrated  by  evaporat[)»n  or 
addition  of  a  stronger  solution  of  the  salt,  until  it  becomes  n^tagneticatly  ' 
inactive.  From  the  known  degree  of  the  dilution  or  concentration  necessary, 
the  initial  concentration  may  be  calculated.  Where  other  mefeds  are^so 
present^  the  method  may  of teti  be  used  in  cohjunction  Pfiih  ordinary  anfdlyticat  - 
methods.  Its  use  in  this  way  is  described  for  the  estimation  oft  (1)  Or;  Fe, 
or  Mn  in  presence  of  Al;  (2)  Fe  and  Or  together;  (8)  Fe^  Mil,  Al;  and  P; 
(^  Cr  and  Mn  J  (6)  Ni  and  Ca  T. «. OP. 

739.  Preparation  and  Properties  of  Colloidal  Carbon,    P.  C.  L.  Thome. 
(Chem.  Soc,  Trans.  109.  pp.  202-209,  March,  1916,)— Having  givei^  a  l?iief 
review  of  the  literature  on  the  subject,  the  author  describes  his  ea^periments. 
Finely  powdered  sucrose  is  introduced,  under  shaking,  through  a  funnel  * 
with  a  narrow  neck  into  concentrated  sulphuric  acid,  in  which  it  dissolves ;  , 
after  standing^  24  hours  the  liquid  is  poured  into  4  times  its  volume  of  . 
distilled  water  and  then  filtered.    The  yellow  or  brownish  filtrate  parts 
with  most  of  its  acid  in  a  dialyser  of  parchment  paper ;  finally  the  qoloiured.. 
liquid  passes  through  the  membrane.    The  solution  does  not  show  many ,; 
particles  in  the  ultramicroscope ;   in  an  electric  field  the  particles  travel  ^ 
to  the  anode  5  addition  of  an  electrolyte  (barium  nitrate)  produces  cloudi- 
ness and  a  brown  powder  settles.    The  strong  acid  thus  seems  to  pr^dupe 
some  carbon  in  the  suspensoid  state,  and  a  much  greater  amount.x)f  complete 
organic  compounds.    Dilute  caustic  soda  was  then  decomposed  with  cafbon  . 
electrodes  (arc  carbons,  Achesoa  graphite)  by  currents  of  0*4  to  4  amps,  at 
200  volts;  one  electrode  was  immersed,  the  other  just  touched  the  surfs^:e. 
of  the  solution.    The  electrodes  are  disintegrated  and  a  dark  solution  i^ 
produced,  most  of  the  particles  passing  through  the  filter  and  requiring, 
months  to  settle.    Dispersion  occurs  best  when  the  positive  pole  touches 
th4e  surface ;  when  this  pole  is  negative,  an  arc  is  formed  and   carbon 
burns  away ;  an  arc  struck  in  the  liquid  gave  only  a  few,  but  large,  par* 
tides.  The  sol  originated  chiefly  from  the  positive  pole  ;  a  solution  containing 
2  or  8  gm.  of  NaOH  per  litre  is  most  suitable.    The  sols  thus  obtained  lose 
their  alkali  on  dialysis,  and  are  precipitated  if  entirely  deprived  of  alkali  , 
(just  as  ferric  hydroxide  is  precipitated  when  all  its  acid  is  removed).    The 
sol  shows  a'Tyndall  cone  and  looks  black  in  layers  of  a  few  mnu  ;  in  the 
ultramicroscope  many  particles  in  Brownian  movement  are  seen.    Tbe  sol 
is  very  sensitive  to  the  presence  of  electrolytes,  and  the  particles  ^re  as 
rapidly  precipitated  as  they  are  formed  when  tap  water  is  used.    As  regards 
the  amount  of  electrolyte  required  for  coagulation  they  behave  lilce  arsenic 
trisulphide.    Burnt  in  oxygen  the  sol  seemed  to  contain  66  %  of  C,  2  pf  H, 
15  of  an  insoluble  residue  (SiOj  from  the  carbon  electrodesX  the  rest  (16  %) 
being  probably  oxygen.    It  is  concluded  that  to  form  a  stable  spspensoid 
the  carbori  must  be  in  a  state  easily  to  be  disintegrated ;  organic  matter; 
should  be  present  (tannic  acid  in  the  case  of  Acheson's  unctuouS;  graphite) 
or  be  formed  during  the  preparation ;  alkali  aids  the  suspension,  and  soqio 
trace  of  an  electrolyte  seems  to  be  necessary  to  ensure  stability  of  the  sol. 

H.  B. 

740.  A  Theory  of  MuUiple  lonisation  :  a  Modification  of  the  Theory  of  EleC" 
trolyiic  DissodaOon.    I.    F.  F.  Heyroth.    'Am.  Chem.  Soc.,  J.  88.  pp.  57-66| 
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Jaiu,  1016.)^Five  points  are  brought  forward  in  which  the  ionic  theory  in  its 
present  form  fails  to  give  entirely  satisfactory  explanations  of  the  observed 
facts>  or  in  regard  to  which  there  may  be  theoretical  objections.  To  meet 
these  points  it  is  suggested  that  ionisation  may  take  place  in  more  ways  than 
one,  and  that  the  strengths  of  adds  and  bases  depend  upon  the  relative 
number  of  molecules  ionised  as  add  and  as  base.  T.  M.  L. 

741.  On  EwclFs  Method  cff  measuring  Single  Poieniial'd^erences.  S.  J. 
Bamett*  (Phys.  Rev*  7.  pp.  881-888,  March,  1016.)— A  theoretical  discussion 
is  given  of  Ewell's  method  of  measuring  single  p.d's  [Abs.  1789  (1915)].  The 
author  shows  that  certain  assumptions  made  by  Ewell  cannot  be  taken  as  valid, 
so  thttt  the  method  does  not  give  with  any  certainty  the  single  p.d's  it  was 
desired  to  measin-e.  T.  S.  P. 

742.  Electromotive  Forces,  W.  D.  Bancroft.  (Am.  Electrochem.  Soc., 
Trans.  28.  pp.  857-867;  Disc,  867-870, 1915.  J.  Phys.  Chem.  20.  pp.  64-74, 
Jan.,  1916.) — Five  types  of  reversible  cells,  namely :  cells  with  reversible 
metallic  electrodes;  amalgam  cells;  gas  cells;  oxidation  and  reduction 
cells ;  chemical  affinity  cells,  can  be  treated  from  the  same  point  of  view, 
provided  one  starts  with  the  van't  HofiE  formula,  E  s  RT/»F  log  Ks^i/S^t, 
where  S^  refers  to  the  substances  which  are  consumed  during  the  reaction 
and  S^  to  the  substances  which  are  formed,  instead  of  with  the  simpler 
equation  of  Nernst  T.  M.  L. 

743.  Study  of  the  Lead  Electrode.  F.  H.  Getman.  (Am.  Chem.  Soc,  J. 
88.  pp.  792-801,  April,  1916.)— The  author  has  studied  the  constancy  and 
reprodudbility  of  the  lead  electrode  in  a  similar  manner  to  that  used  in  the 
investigation  of  the  copper  electrode  [see  Abs.  957  (1915)].  Five  different 
types  of  electrode  were  investigated  in  a  cell  made  up  according  to  the 
scheme :  Pb -  sat  sol.  Pb(N03>  I  OlON-KCI .  Hg,Cl,—  Hg,  the  lead  being 
negative  and  the  mercury  positive.  The  lead  electrodes  used  were  made  as 
follows :  (1)  Casting  purified  lead  in  sticks ;  (2)  amalgamating  cast  stick 
electrodes ;  (8)  depositing  lead  dectrolytically  on  spirals  of  Pt-wire ; 
(4)  depositing  lead  dectrolytically  on  cast  stick  electrodes ;  (5)  immersing 
stick  dectrodes  in  an  acidified  solution  of  lead  acetate  (Heller's  solution). 

The  only  electrode  which  proved  to  be  constant  and  reproducible  to  within 
0*8  miHivolt  v^as  that  in  which  lead  was  deposited  dectrolytically  on  Pt  from 
an  electrolyte  of  lead  nitrate  made  according  to  the  instructions  given  by 
Mathers  and  McKinney  [Abs.  188  (1916)].  The  normal  dectrode  potential 
of  lead  was  calculated  to  be  0*188  volt  at  25°.  Freshly  cast  sticks  of  lead, 
after  immersion  for  varying  lengths  of  time  in  an  addified  solution  oi  lead 
nitrate,  lost  thdr  ductility  and  other  properties  conmionly  assodated  with 
lead,  giving  a  grey  mass  which  is  undoubtedly  an  allotropic  modification 
of  lead.  The  e.m.f.  developed,  at  0°  and  25°  in  cells  containing  freshly  cast 
lead  and  the  grey  modification  as  dectrodes,  and  0*2N-Pb(NOi)t  as  electro- 
lyte, did  not  give  any  positive  indication  of  a  transition  temperature.  Photo- 
micrographs are  given  showing  the  rapidity  with  which  freshly  cast  lead 
undergoes  transformation  when  immersed  in  a  solution  of  addified  lead 
nitrate.  T.  S.  P. 
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744.  Artillery  Chronoscope.  (Engineeriog,  101.  p.  486,  May  19,  1916.)— 
The  ordinary  stop-watch  has  a  balance  which  beats  fifths  ol  seconds,  and  so 
no  greater  accuracy  is  possible  than  one-fifth  of  a  second.  When  timing  the 
flight  of  projectiles  an  interval  of  \  sec.  may  correspond  to  400  ft.  of  range — 
a  considerable  distance.  To  enable  a  nearer  approach  to  be  made  to  accurate 
measurement,  the  firm  of  S.  Smith  and  Sons  have  brought  out  a  chronoscope 
beating  hundredths  of  a  second.  Illustrations  are  given  of  the  face  and  the 
mechanism.  An  interval  of  8  mins.  8  sees,  can  be  recorded.  The  mechanism 
is  very  similar  to  that  of  the  ordinary  stop-watch,  but  the  hair-spring  is  much 
stiffer,  to  give  the  necessary  short  period  to  the  balance-wheel.    •  A.  W. 

746.  Graphical  Method  for  the  Solution  of  Algebraic  Equations,  H.  Q. 
Deming.  (Science,  48.  pp.  676-680,  April  21,  1916.)— Detailed  descrip- 
tion is  given  of  a  graphical  method  of  solving  equations  of  the  t}'pe 
f(u)  .f(x)  +f{v) .  F(x)  +f(y)  =  0  where  f(u),  f{v,  f[x\  and  f{y)  are  the  same  or 
different  functions  of  the  variables.  The  paper  is  illustrated  by  diagrams, 
and  particular  examples  are  solved  by  the  method.  A  brief  absbract  cannot 
be  given.  A.  W. 

746.  Further  Study  of  Floating  Equilibrium,  T.  W.  Richards  and 
G.  W.  Harris.  (Am.  Chem.  Soc.,  J.  88.  pp.  1000-1011,  May,  1916.)— In  two 
recent  preliminary  papers  [see  Abs.  892  (1914)]  it  has  l>een  shown  that  the 
exceedingly  sensitive  floating  equilibrium  of  a  suitably  shaped  float  suspended 
in  a  solution  of  the  same  density  may  perhaps  be  capable  of  a  variety  of 
useful  applications — on  the  one  hand,  to  methods  of  chemical  analysis,  and  on 
the  other  to  the  calibration  of  thermometers,  as  well  as  to  the  study  of  the 
coefficient  of  expansion  of  the  float  or  the  liquid.  The  present  paper  describes 
very  briefly  further  experiments  concerning :  firstly,  the  precautions  necessary 
for  quick  and  accurate  determination  of  the  floating  equilibrium ;  secondly, 
the  thermal  hysteresis  of  glass  floats ;  thirdly,  the  effect  of  changing  atmo- 
spheric pressure  upon  their  behaviour ;  fourthly,  the  effect  of  traces  of  common 
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impurities  in  water ;  and  finally,  the  temperatures  of  floating  equilibria  of  the 
floats  in  various  dilute  solutions  of  hydrochloric  acid,  which  afford  a  means  of 
analysing  the  solution  or  of  standardising  approximately  a  given  interval  in 
a  thermometer.  The  apparatus  used  receives  detailed  description,  as  also  the 
methods  employed  for  the  preparation  of  materials.  The  results  obtained  are 
as  follows  : — ^The  solubility  of  paraffin  in  water  was  found  on  examination  to 
be  very  small,  and  in  consequence,  for  many  purposes,  the  use  of  paraffin- 
lined  bottles  as  containers  for  standard  solutions  is  recommended.  Several 
newly  described  precautions,  necessary  for  very  exact  work  with  floating 
bulbs  in  det^rminipg  flpating  equilibrium,  are  recorded,  and  the  effects  of 
electrostatic  charge,  of  varying  pressure  on  liquid  and  float,  and  other  pos- 
sible causes  of  error,  were  studied  in  detail.  The  slow  contraction  of  glass 
after  fusion  has  beeil  studied-  over  a  long  range,  as  it  is  a  very  important 
possible  source  of  error.  Air  dissolved  in  water  at  20°  has  been  shown  to 
affect  the  density  of  water  by  less  than  0000 000  2.  Concentration-temperature 
curves  have  been  studied  with  several  floats  made  of  different  kinds  of  glass 
in  dilute  solutions  of  hydrodUoric  add.  Such  curves  may  be  used  for 
analysing  such  hydrochloric  acid  with  the  help  of  similar  floats  and  a 
standard  thermometer,  or  for  subdividing  intervals  of  an  uncalibrated 
thermometer.  Until  floats  of  perfectly  definite  composition  are  obtained, 
however,  results  for  any  one  floftt  ctonot  safely  be  used  with  another  without 
preliminary  testing  on  both  ends  of  the  range  employed.  Because  of  the 
almost  identical  coefficients  of  expansion  of  very  dilute  solutions,  the 
beginnidgs  of  such  a  curve  may  perhaps  be  used  for  many  other  solutions 
besides  hydrochloric  add ;  it  becomes  a  curve  connecting  approxvnately  the 
density  of  any  very  dilute  solution  with  the  temperature  of  floating  equi- 
librium. Thus  densities  can  be  determined  thermometrically.  The  method 
will  probably  be  more  useful  with  such  dilute  solutions  than  with  any  others, 
but  a  look-out  must  be  kept  for  the  cliange  in  the  concentration  of  the 
hydroxyl  ion  in  extreme  dilutions  of  an  acid.  H.  H.  Ho. 

747.  Enduranc4  of  Metals  under  Alternating  Stresses.  B.  P.  Haigh.  (West 
of  Scotland  Iron  and  Steel  Inst.,  J.  28.  pp.  17-49 ;  Corres.,  61-66,  Nov.,  1916. 
Am.  Soc.  Mech.  Eng.,  J.  88.  pp.  844-846,  April,  1916.  Abstract.  Mech.  Eng.  87. 
pp.  816-817,  April  28>  1916.)--A  distinction  is  drawn  between  "proving  tests" 
and  ''experimental  research."  Mainly  on  account  of  the  time  required  to 
carry  out  fatigue  tests  they  have  seldom  been  spedfied  as  proving  tests,  and 
it  appears  unlikely  that  they  will  ever  form  part  of  the  regular  series  of  tests 
imposed  by  specifications.  At  present  it  is  impossible  to  forecast  the  results 
of  a  fatigue  test  on  a  metal  from  a  knowledge  of  its  other  mechanical  pro- 
perties ;  but  this  may  be  possible  after  the  accumulation  of  additional  data. 
A  number  of  tests  have  shown  that  the  modulus  of  elastidty  of  annealed  iron 
or  steel  is  always  reduced  by  straining  in  tension,  providing  that  the  hy^eresis 
effects  are  eliminated  before  making  the  second  determination  of  the  modulus. 
This  leads  to  the  view  that  the  increased  strength  of  the  amorphous  material 
is  accompanied  by  a  decrease  in  its  modulus  of  elasticity^  Experiments  on 
wrought  iron  indicated  that  the  max.  diminution  of  the  modulus  brought 
about  by  sti^n  is  about  6*6  %  of  the  value  for  annealed  material.  The  mode 
of  breakdown  of  metals  under  alternating  stresses  is  discussed.  It  has  been 
shown  that  polishing  the  surfaces  of  specimens  increases  the  resistance  to 
endurance  bending  tests.  A  number  of  fatigue  tests  on  various  metals  and 
idloys  are  described,  and  the  results  indicate  that  the  modulus  of  elastidty  is 
no  criterion  as  to  the  behaviour  of  the  metal  under  fatigue  tests. 
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748^  Elaslk  Peculiariiies  of  Phospkor-Brona^  Wires.  L.  P.  Sieg  and 
A.  J.  Oehler.  (Acad.  Sd.  Iowa,  Proa  92.  pp.  821-^26,  1916.)~-Previous 
experiments  on  platinum-indium  [see  Abs.  10  (1911)  and  147  (11HL8)]  sus* 
pension  wires  showed  some  complicated  relatiooi  between  the  period  of 
vibration  and  the  amplitude  of  swing.  The  present  paper  ^soibes  the 
results  of  similar  experiments  on  18  phosphor-bronze  drawn  wires  of  diams; 
ranging  from  0*100  to  0*508  mm.  It  was  found  thati  as  before,  a  larger 
amplitude  gives  a  greater  period  of  swing,  though  to  a  less  extent  than  is  tho 
case  with  Pt^Ir.  The  actual  resuhs  are  exhibited  graphically  in  the  paper, 
and  it  is  seen  that  the  efiEect  of  drawing  the  wires  is  to  make  the  departure 
from  the  ideal  elastic  solid  increase  steadily  with  the  increased  fineness  of  the 
drawn  wire.  A  new  efiFect,  which  might  be  classed  as  a  second  order  of 
e£Fect,  superimposed  on  the  one  noted  above,  has  been  discovered.  This 
effect  is  the  increase  ia  period  with  decreasii^  amplitude  after  a  certain 
limiting  amplitude  has  been  reached*  }.  W.  T.  W. 

749k  Aerial  Trajectories  of  Projectiles.  £.  Esclangon*  (Comptes  Rendns, 
162.  pp.  180-168,  Jan.  24, 1916.) — The  paper  is  a  critical  examination  of  the 
equation  d(v  cos  T)ldT  =  cvF(v)/^,  where  v  is  the  velocity  of  the  projectile  at 
an  angle  r,  wfaile.cF(y)  represents  the  resistance  of  the  air.  A  certain  number 
of  geometrical  properties  have  been  deduced  froni  the  assumption  that  c  is 
constant,  but  this  is  only  a  first  approximation  and  quite  insufiicient  for  the 
requirements  of  modem  ballistics.  A  second  approximation  may  be  obtained 
by  making  c  depend  on  the  variation  of  air  density  (variable  with  altitude 
according  to  an  exponential  law),  but  neglecting  variations  of  gravity,  and 
the  geometrical  properties  are  then  found  to  be  considerably  modified.  The 
author  proceeds  to  study  this  aspect  of  the  trajectory  probleiQ,  and,  for 
the  purpose,  classifies  trajectories  into  two  categories,  vi2.  those  for  which 
the  speed  possesses  a  minimum  other  than  zero,  i,e.  following  a  maximum, 
and  tiiose  for  which  there  is  no  minimum  speed,  f>.  the  latter  decreasing 
continuously.  Inflectionid  trajectories  are  found  to  exist  as  a  necessary  con- 
sequence, and  constitute  a  family  dependent  on  a  single  parameter. 

Other  interesting  results  are  given.  H.  H.  Ho. 

760.  Influence  of  Atmospheric  Conditions  on  the  Trajectories  of  Long-range 
Projectiles,  de  Sparre.  (Comptes  Rendus,  162.  pp.  496-498,  April  8, 1916.)— 
Thk  paper  is  a  revision  of  a  previous  communication  [Abs.  510  (1016)],  in 
which  for  the  purpiose  of  calculating  the  trajectory  of  the  German  gun  881, 
the  value  0*866  was  taken  for  the  ballistic  index.  The  author  now  believes 
a  lower  value  should  be  taken,  and  has  recalculated  bis  results  with  an  index 
0*75  ;  which  gives  a  max.  range  in  good  agreement  with  the  88  km.  claimed. 
For  the  German  gun  of  406*4  mm.  the  max.  range  should  be  about  40  km. 
The  author  now  studies  the  influence  of  pressure  and  temperature  on  the 
range  and  develops  formulaa  f or!the  ballistic  index  under  such  variations^  He 
finds,  for  example,  that  a  temperature  increase  of  18  deg.  C,  and  a  pressure 
diminution  of  10  mm.,  would  produce  a  range  increase  of  1792  m.  for  the 
gun  881,  thereby  demonstrating  the  appreciable  influence  of  atmospheric 
conditions  upon  long-range  projectiles.  R.  H.  Ho. 

751.  Hydraulic  Flow  Reviewed,  A.  A.  Barnes.    (Engineer,  121.  pp.  40^ 

408,  May  ;12, 1916.)— The  theory  of  the  flow  of  water  through  pipes,  channels, 

and  orifices  accords  very  poorly  with  practice,  and  if  the  quantity  of  water 

which  will  flow  through  a  given  pipe  in  a  ^ivea  time  has  to  be  predicted  the 
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vek>city  must  first  be  calculated.  For  this  purpose  one  of  several  formulae 
must  be  chosen,  and  the  result  depends  entirely  on  the  selection  made.  The 
author  here  attempts  to  clear  up  the  tangle  in  a  book  reviewed  in  the  Engineer 
of  the  above  date.  The  basis  of  his  argument  is  that  previous  investigators 
have  been  seriously  hampered  by  their  inflexible  adherence  to  the  assumption 
that  the  index  of  m  and  f  is  0*5  in  the  general  formula  V  as  K  s/mi,  where  m  is 
the  hydraulic  mean  depth  of  the  pipe  and  i  is  its  gradient.  The  author  main- 
tains that  if  the  correct  indices  are  chosen  for  each  particular  class  of  pipe 
or  channel,  one  value  of  K  can  be  found  which  is  correct  and  invariable  for 
all  values  of  m  and  f  in  that  class.  He  starts  with  the  formula  in  the  form 
V  Bs  KmV  and  by  applying  a  species  of  logarithmic  plotting  to  the  results 
of  all  available  experiments,  proceeds  to  the  determination  of  the  three  quan- 
tities K,  a,  /3.  It  is  shown  thsit  all  three  constants  can  be  determined  for  any 
given  type  di  pipe  or  channel  if  three  accurate  observations  are  to  hand. 
Some  16  classes  of  pipes,  troughs,  channels,  conduits,  water-courses,  etc.,  are 
covered.  The  author  next  applies  his  method  to  the  flow  of  water  through 
triangular  notdies,  weirs,  and  circular  orifices  with  the  same  marked  success. 

H.  H.  Ho. 

768.  On  Five-fold  Variety  in  the  Physical  Universe.  J.  Ishiwara.  (Tohoku 
Univ.  Sci.  Reports,  5.  No.  1,  pp.  1-82, 1916.)— In  a  recent  paper  [see  Abs.  1487 
(1914)]  Nordstrom  has  described  the  remarkable  discovery  that  the  electro- 
magnetic field  and  the  gravitational  field  together  are  characterised  by  a 
10-component  vector  in  a  fivefold  variety  of  space,  time,  and  a  fifth  variable 
M.  The  latter  variable  plays  a  special  role,  in  that  the  component  of  the 
universal  potential  and  of  the  field  vector  give  along  this  variable  the  corre- 
sponding quantities  in  the  gravitational  field.  The  equations  developed  in 
this  way  give  results  possessing  important  physical  significance  if  the 
differentials  of  similar  quantities  with  respect  to  "  w "  are  equated  to  zero. 
It  follows  that  no  ph3rsicai  change  of  state  takes  place  in  this  direction.  In 
view  of  the  novel  character  of  the  variable  w,  Nordstrom  has  discovered 
certain  new  relationships  which  are  of  profound  significance,  and  lead  to  a 
five-dimensional  nature  being  ascribed  to  the  physical  universe,  this  being  an 
extension  of  Minkowski's  fundamental  idea.  In  the  present  paper  the  author 
systematically  studies  Nordstrdm's  equations  and  then  develops  some  new 
relationships.  Use  is  made  of  a  five-dimensional  vector  analysis.  Section  I. 
of  the  paper  contains  a  general  discussion  of  multi-dimensional  analysis; 
II.  deals  with  the  universal  phjrsical  field  of  force ;  III.  gives  a  physical 
interpretation  to  the  developed  equations.  Only  one  physical  postulate  is 
made,  namely,  that  at  every  point  of  space  there  is  a  direction  "  w,"  along 
which  the  universal  potential  remains  always  constant  The  four-dimensional 
space  perpendicular  to  this  direction  is  termed  Minkowski's  universe,  and  the 
principle  of  relativity  gives  the  equivalence  of  its  four  axes.  IV.  deak  with 
the  equation  of  motion,  and  V.  with  the  principle  of  work,  llie  absolute 
value  of  the  fifth  velocity  is  a  purely  imaginary  quantity  whose  phjrsical 
modulus  plays  the  part  of  the  velocity  of  light  propagation  and  also  of 
gravitational  potentiaL  The  ratio  of  the  Minkowski  time  element  to  that 
of  the  extended  system  is  constant  for  any  finite  material  structure  element, 
and  depends  in  general  on  the  mass  and  charge.  The  field  equation,  the 
equation  of  motion,  and  also  the  principle  of  work  have  an  invariant  expres- 
sion in  the  five-dimensional  universe.  For  deriving  the  complete  equation  of 
motion  from  the  principle  of  work  it  is  essential  that  reference  be  made  only 
to  such  an  electron  which  is  of  spherical  shape  when  at  rest,  which  possesses 
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a  ooiform  superficial  distribution  of  charge  and  mass,  and  in  which  the 
internal  and  external  forces  are  in  equilibrium.  This  restriction  to  the 
spherical  form  and  the  superficial  distribution  of  the  field  source  has  not  been 
necessary  so  far  in  the  four-dimensional  treatment  of  problems  in  the 
Minkowski  universe,  and  these  conditions  are  introduced  to  admit  oi  simpli* 
fied  treatment  The  five-dimensional  equation  of  motion  should  be  connected 
with  the  scalar  principle  of  wcM-k,  as  an  important  consequence  of  the  present 
theory.  H.  H.  Ha 

763.  SUUisUcal  Mechanics,  C.  V.  L.  Charlier.  (Ark.  f.  Mat  Astron.  och 
Fysik,  Stockhohn,  10.  29.  pp.  1-18, 1915.)— This  is  the  first  of  a  proposed  series 
of  notes  in  which  the  established  theorems  in  the  kinetic  theory  of  gases  will 
be  employed  for  the  investigation  ci  stellar  motions  subject  to  Newtonian 
gravitation. 

To  pass,  in  the  kinetic  theory,  from  the  velocities  before,  to  the  velocities 
after  a  collision,  three  parameters,  corresponding  to  the  relative  co-ordinates, 
before  the  passage,  determine  the  final  velocities  when  the  relative  velocities 
after  collision  are  known,  in  addition  to  the  absolute  initial  velocities.  And 
these  parameters  are  reducible  to  two  by  the  principle  of  conservation  of 
energy  when,  as  in  statistical  mechanics,  only  the  velocities  at  infinite 
distance  are  considered.  Two  such  parameters,  found  of  value  in  the 
kinetic  theory,  although  not  fulfilling  all  the  probability  conditions,  are 
derived  from  the  facts  that  the  relative  orbit  of  any  pair  of  stars  lies  in  a 
plane  and  is  symmetrical  about  the  line  of  perihelion.  The  method  indicated 
is  applied  to  the  derivation  of  numerical  values  for  star  densities  and  prob- 
abilities of  stellar  collisions.  G.  W.  db  T. 

764.  Hydrogen»molecule  of  Bohr  and  Debye.  [Miss]  H.  J.  van 
Leeuwen.  (K.  Akad.  Amsterdam,  Proc.  la  7.  pp.  1071-1068,  1916.}— A 
mathematical  discussion.    [See  Abs.  No.  811  (1914).]  E.  H.  B. 

766.  The  Distribution  of  Cyclonic  Precipiiation  in  Japan,  T.  Terada. 
(Coll.  Sd.  T5ky6,  J.  87.  Art  4.  pp.  1-82,  Jan.  37,  1916.)— Various  workers 
have  investigated  the  distribution  of  rainfall  in  the  different  sectors  of  a 
cyclone  for  different  localities,  and  a  brief  summary  of  the  conclusions 
reached  is  here  given.  For  the  present  investigation  the  author  made  use 
of  records  from  1906  to  1916  inclusive  and  confined  his  attention  to  those 
depressions  which  were  well  defined  and  free  from  secondaries.  The  pressure 
maps  for  6  a.m.,  H  p.m.,  and  10  pjn.  were  used  and  the  whole  district  divided 
up  into  2}^  "squares."  The  centre  of  each  depression  was  allocated  for 
each  map  to  one  of  these  squares  and  a  record  made  of  all  stations  where 
rain  was  falling  at  the  time.  A  network  of  80  stations  was  used  for  the 
purpose.  By  taking  means  for  each  position  of  the  centre  the  appropriate 
"probability"  of  rain  for  each  station  with  this  location  of  the  centre  is 
found.  Thus  if  for  a  given  position  rain  fell  at  a  certain  station  6  times  out 
of  10  cases  the  ''eiq>ectation"  of  rain  is  expressed  in  percentage  as  60.  This 
expectation  of  rain  in  each  district  for  the  different  positions  of  the  centre 
is  set  out  in  a  table.  The  results  are  further  shown  diagrammatically  in  each 
dt  two  ways :  (1)  by  curves  of  equal  expectation  corresponding  with  each 
^en  position  of  the  centre,  and  (2)  by  curves  showing  the  locus  of  the  posi- 
tion of  the  centre  bringing  equal  expectation  for  each  district  The  chief 
results  reached  have  already  been  summarised  in  another  paper  [see  Abs.  680 
(1916)]. 
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The  paper  concludes  with  a  theoretical  conoderation  of  the  subject.  In 
this  the  rainfall  in  the  different  regions  of  a  depressbn  is  worlced  out  on  the 
assumption  that  the  incurvature  of  the  air-paths  is  everywhere  the  same. 
In  the  first  place  the  amount  of  rain  produced  by  the  rising  air  at  di£Ferent 
distances  from  the  centre  is  calculated,  assuming  the  air  to  be  saturated  at 
the  surface*  Secondly,  consideration  is  given  to  the  effect  of  differences 
of  temperature  in  different  parts  of  the  depression,  and  to  that  of  the  vertical 
motion  brought  about  by  differences  in  the  coefficient  of  friction  between 
the  air  and  the  earth,  as  for  example,  when  air  passes  from  a  sea  surface  to 
a  land  area.  J.  S.  Di. 

766.  Strength  of  the  Earth's  Crust.  H.  Jeffreys.  (Observatory,  No.  499 
pp.  165-168,  April,  1916.)— The  note  briefly  reviews  a  series  of  articles  pub- 
lished by  J.  Barrell,  in  the  Journal  of  Geology,  vol.  22  (1914);  28  (1915), 
dealing  with  the  questions  of  how  isostatic  adjustment  is  produced,  and  the 
meaning  of  the  deviations  from  complete  compensation  that  are  observed. 

C.  P.  B. 

767.  Temperature  and  Radiation  of  the  Sun.  F.  Biscoe.  (Warsaw 
Univ.  News,  1916.  [In  Russian.]  Astrophys.  J.  48.  pp.  197-216,  April, 
1916.  Extract.)— The  purpose  of  the  first  section  of  the  paper  is  to  deter- 
mine the  temperature  of  the  sun  from  the  intensity  of  radiatign  for  individual 
wave-lengths  in  its  spectrum,  using  the  observations  from  the  Smithsonian 
Institution  at  Washington  made  with  the  spectro-bolometer*  The  deduced 
absolute  temperature  of  the  solar  surface  is  found  to  be  on  the  average 
7800°  ±  100°  C.  Other  observations  made  by  the  author  with  the  aid  of 
colour-filters  in  conjunction  with  the  Angstrom  compensation  pyrfaeliometer, 
are  also  examined  for  variations  of  solar  radiation  over  small  intervals  of 
time.  C.  P.  B. 

758.  Terrestrial  Influence  on  Frequency  and  Latitude  of  Sun-spots,  H. 
Arctowaki.  (Comptes  Rendus,  162.  pp.  593-595,  April  17, 1916.)-^Examina- 
tion  is  made  of  the  spot  numbers  given  by  Wdfer,  and  the  spot  areas  given 
in  the  Greenwich  catalogues,  for  evidence  of  terrestrial  influence  on  sun-spot 
phenomena.  The  results  appear  to  indicate  an  annual  variation  bi  mean 
latitude  of  about  4°.  C.  P.  B. 

769.  Variation  of  Mean  Heliographic  Latitude  of  Sun-spots,  H.  Arctowskl. 
(Comptes  Rendus,  162.  pp.  501-604,  April  3,  1916.)-^It  is  sought  to  distin- 
guish in  the  solar  phenomena  between  those  affecting  terrestrial  magnetism 
and  atmospheric  electricity,  with  a  cycle  of  about  11  years,  and  others  of 
shorter  period  affecting  terrestrial  temperature,  storms,  and  other  meteoro- 
logical phenomena.  The  Greenwich  sun-spot  measures  are  discussed  in 
relation  to  the  variations  of  latitude  during  the  period  1874-1918,  a  table 
being  given  showing  the  mean  latitudes  of  selected  rotations  during  certain 
epochs  of  solar  activity.  C.  P.  B. 

780.  Nature  of  Coronium  Atom,  J.  W.  Nicholson.  (Roy.  Astron.  Soa, 
M.N.  76.  pp.  415-418,  March,  1916.)^It  has  ahready  been  pointed  out  in  the 
electronic  theory  of  iseries  spectra  that  certain  tines  in  the  spectrum  of  the 
solar  corona  showed  constant  differences  between  their  cube  roots.  At 
the  last  solar  ecUpse  of  Aug.  21,  1914,  Deslandres  and  Carrasco  found  a 
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new  line  in  the  red,  at  \Qd74r6,  and  it  is  interesting  to  find  that  this  line  aho 
fits  in  exactly  with  the  cube-root  tehktlon.  [See  Abs.  266  (1915).]  Two  other 
lines,  X4^*0  and  Xd642'5,  are  then  shown  to  be  included  in  a  related  sories, 
and  an  analysis  is  given  showing  that  coronium  is  probably  doe  to  the 
simple-ring  system  with  nucleus  le  and  8  electrons  forming  altogether  a 
single  negative  charge.         -   .         *  C.  P.  B. 

761.  Objective  Changes  on  Surface  of  Mars,  £.  M.  Antooiadi.  (Roy. 
Astron.  Soc.,  M.N.  76.  pp.  418-414,  March,  1916.)— Observers  have  from 
early  da3rs  suspected  the  reality  of  changes  in  the  markings  of  the  surface  of 
Mars,  usually  ascribed  to  the  presence  of  clouds.  The  author  considers  he 
has  been  able  to  confirm  this  at  Meudon,  and  mentions  that  the  atmospheric 
veils  which  so  frequently  deformed  the  dark  areas  showed  all  tints  from 
brilliant  white  to  deep  orange.  Apart  from  this,  however,  from  a  study  of 
all  available  drawings  of  the  planet  published  since  the  beginiling  of  the 
eighteenth  century,  he  finds  evidence  of  changes  which  may  be  secular, 
recurrent,  or  seasonal  in  character.  Examples  of  these  three  types  are  given 
concerning  the  Hydaspes,  Nepenthes-Thoth,  and  Syrtis  Major.  C.  P.  B. 

762.  Observations  of  Jupiter,  F.  Sargent.  (Roy.  Astron.  Soc.,  M.N. 
76.  pp.  411-418,  March,  1916.)— During  the  opposition  of  1916,  Jupiter  was 
observed  at  Bristol  on  90  nights.  A  list  of  rotation  periods  is  given  as  reduced 
from  480  transits  of  vsarious  prominent  features.  On  the  N.  edge  of  the 
N.  equatorial  belt  28  spots  were  seen  of  sufficient  permanence  to  give  rota- 
tion periods.  The  revival  of  activity  of  the  S.  edge  of  the  N.  equatorial  belt, 
which  began  towards  the  end  of  1912  appears  to  have  almost  spent  itself. 
In-  the  S.  equatorial  belt  light  spots  appeared  in  longitude  189°  abdut  the 
middle  of  October.  The  Red  Spot  was  not  a  prominent  feature,  but  was 
frequently  seen  situated  towards  the  following  end  of  the  hollow.  Observa- 
tions are  detailed  of  the  S.  Tropical  Disturbance,  the  S.  Temperate  Belt,  and 
the  Red  Spot  HoUow.  C.  P.  B. 

763.  Albedo  ofthe  Planets  and  their  Satellites.  H.N.  RusselL  (Astrophys.J. 
48.  pp.  178-196,  April  1916.)— The  various  values  available  are  discussed  in 
detail  and  a  table  is  given  showing  for  the  planets  and  satellites  (1)  stellar 
magnitude  at  mean  opposition ;  (2)  equivalent  magnitude  at  full  phase  and 
unit  distance  from  earth  and  sun ;  (8)  assumed  mean  semi-diameter  at  unit 
distance ;  (4)  a  factor  p  defined  as  the  ratio  of  the  actual  brightness  of 
the  planet  at  the  full  phase  to  that  of  a  self-luminous  body  of  the  same  size 
and  position,  which  radiates  as  much  light  from  each  unit  of  its  surface  as 
the  planet  receives  from  the  sun  under  normal  illumination ;  (5)  a  quantity  q, 
depending  on  the  laws  of  di£Fuse  reflection ;  (6)  the  determined  albedo ; 
the  colour-index ;  (8)  the  photographic  albedo.  C.  P.  B. 

764.  Distances  of  the  Heavenly  Bodies.  W.  S.  Eichelberger.  (Science, 
48.  pp.  475-488,  April  7,  1916.  Paper  read  before  the  PhU.  Soc.  of  Wash- 
ington, March  4, 1916.)— A  survey  is  given  of  the  gradual  progress  made  in 
the  investigation  of  stellar  .parallax  since  the  earliest  days  of  astronomical 
precision,  when  Eudoxus  of  Cnidus  atx>ut  870  b.c.  supposed  that  the  sun  .was 
only  about  nine  times  greater  than  that  of  the  moon.  At  present  it  is  con- 
sidered that  the  accepted  distance,  92,900,000  miles,  is  correct  to  within 
BOfiOO  miles.  Gradually  the  problem  was  extended  to  obtain  the  distances 
of  the  stars,  which  are,  however,  so  distant  that  instruments  of  the  highest 
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power  are  necessary  to  furnish  any  reliable  results.  Whereas  in  18$8  the 
parallaxes  of  only  8  stars  were  known  with  any  approach  to  accuracy,  in  1916 
we  have  good  values  for  about  800,  the  work  being  greatly  facilitated  by  the 
employment  of  photographic  registration.  C.  P.  B. 

766.  Spectrum  of  y  Argus.  W.  M.  Worssell.  (Roy.  Astron.  Soc,  M.N. 
76.  pp.  418-421,  March,  1916.)— As  a  gift  from  the  late  J.  Franklin-Adams 
a  prismatic  camera  has  recently  been  installed  at  the  Union  Observatory, 
Johannesburg,  comprising  a  Cooke  triplet  objective  of  6  in.  aperture  and 
108  in.  focal  length,  and  a  prism  with  refracting  angle  of  about  16°. 
Special  attention  has  been  given  to  stellar  spectra  in  the  green,  yellow, 
and  red  regions,  photographed  on  panchromatic  plates.  In  the  spectrum 
of  7  Argus  many  of  the  bright  lines  are  conspicuously  reversed,  and  for 
these  the  measured  wave-lengths  are  more  accurate  than  in  the  case  of 
many  of  the  fainter  broad  lines.  A  table  is  given  of  the  lines  measured  on 
plates  taken  in  April  1915.  These  plates  show  a  greater  number  of  bands 
than  were  recorded  by  Campbell,  but  the  brighter  are  identical  in  both 
records,  and  there  is  no  reason  to  think  the  spectrum  has  changed  during  the 
21  years  separating  the  two  observations*  C.  P.  B. 

766.  DistribuHon  of  Stars  in  Space.  R.  J.  Pocock.  (Roy,  Astron.  Soc., 
M.N.  76.  pp.  421-428,  March,  1916.)— An  investigation  has  been  made  of  the 
proper  motions  of  over  400  stars,  some  of  them  faint,  and  comparisons  made 
between  the  observed  distribution  and  that  deduced  from  theory,  the  agree- 
ment being  good ;  but  the  observed  number  of  very  large  proper  motions 
seems  to  be  consistently  less  than  the  theoretical  number.  C.  P.  B. 

767.  Changes  in  Spectrum  Period  and  Light-curve  of  RR  Lyra.  H. 
Shapley.  (Mt  Wilson  Solar  Observafbry,  Contrib.  No.  112.  Astrophys. 
J.  48.  pp.  217-288,  April,  1916.)— This  star  (7.0  mag.)  is  the  brightest  of  the 
cluster  type  of  Cepheid  variables.  Details  of  the  peculiarities  of  the  light 
variation  are  discussed  in  connection  with  the  changes  in  the  recorded 
spectrum.  Prom  the  results  given  by  9  observers  over  about  15  years  it  is 
shown  that  the  mean  period  is  afiFected  by  a  slow  variation  which  may  com- 
plete its  cycle  in  16*5  years.  Diagrams  are  given  to  show  that  the  maxima  of 
the  light-curve  are  not  constant  in  form,  and  that  variations  exist  in  the 
times  of  rise  to  maximum.  C.  P.  B. 

768.  Periods  of  Eclipsing  Variables.  S.  D.  Wicksell.  (Astrophys.  J.  48. 
pp.  245-247,  April,  1916.)— Referring  to  a  paper  by  Shapley  [Abs.  1006  (1915)J, 
in  which  a  catalogue  of  eclipsing  binary  stars  is  used  to  investigate  whether 
the  two  types  of  periods  suspected  in  spectroscopic  binaries  are  to  be 
detected,  it  is  pointed  out  that  the  eclipsing  binaries  would  not  be  expected 
to  give  much  evidence  of  this  grouping.  Attention  is  drawn  to  the  tendency 
of  eclipsing  variables  to  show  two  groups  according  to  density.  C.  P.  B. 

769.  Calculation  of  Coordinates  of  Photographic  Catalogue  Stars.  B. 
Baillaud  and  Pourteau.  (Comptes  Rendus,  162.  pp.  588-1^,  April  10, 
1916.)— Details  are  given  of  the  reduction  formulae  employed  at  Paris  for  the 
calculation  of  right  ascensions  and  declinations  of  stars  from  measures  on  the 
plates  for  the  photographic  catalogue.  C.  P.  B* 
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770.  Vacuuni'Specirographfor  High-frequency  spectra  Investigations.  Applica^ 
tion  to  the  Study  of  the  Rare  Earths.  M.  Siegbahn  and  £.  Friman.  (Phys. 
Zeits.  17.  pp.  176-178,  May  1, 1916.) — An  interesting  description  is  given  of  a 
**  self-contained  "  instrument  which  is  readily  adapted  to  the  study  of  X-ray 
spectra.  The  slit,  revolving  crystal  table,  and  photographic  plate  are  suitably 
mounted  in  a  highly  evacuated  chamber,  a  neat  arrangement  for  revolving 
the  crystal  at  the  required  rate  being  devised.  The  reproduction  of  the 
spectrum  of  aldebaranium  (Ad)  obtained  with  thb  instrument  shows  a. 
number  of  extremely  sharp  and  well-defined  lines.  The  following  table 
gives  the  result  of  a  series  of  wave-length  measurements  for  the  rare 
earths: — 


X  X  10*  cm. 

Atomic 

Etement 

V(l/X)  X  10-* 
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Number. 
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78 
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18 
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Er 
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12 
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Gd 
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2210 
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Nd 

2-869 
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0-650 
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69 

Pr 

2*462 

)        2472 

! 

0-687 

18 

A.  B.  W, 


771.  Light  Transmission  through  Telescopes.  F.  Kollmorgen.  (Am. 
Ilium.  Eng.  Soc.,  Trans.  11.  pp.  220-228;  Disc.,  228-284,  March  20, 1916.)-- 
Attention  is  drawn  to  the  importance  of  the  amount  of  light  lost  in  telescopic 
apparatus  by  reflection  and  absorption,  and  of  the  possibility  of  much  of  the 
reflection  loss  being  obviated  t^  the  passes  being  subjected  to  certain 
chemical  treatment  (details  of  which  are  withheld).  The  process  is  stated 
to  be  an  extension  of  that  put  forward  by  Taylor  in  1904,  in  which  the  lenses, 
immediately  after  polishing,  were  immersed  in  an  aqueous  solution  of  am- 
monia and  sulphuretted  hydrogen,  Flint  glasses  seem  to  be  most  affected 
by  the  process,  while  crown  glasaes  are  almost  unaffected.  The  results  are 
attributed  to  the  formation  of  a  vitreous  surface  layer  of  low  index  of 
refraction.  C.  P.  B. 

772.  Loschmidi  Number.  H.  Dember.  (Ann.  d.  Physik,  49.  5.  pp.  599- 
610,  April  11,  1916.    Reprint  from  the  Math.  Pbys.   Klasse  d.  K.  Sachs. 
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Gesell.,  Leipzig.) — Describes  the  determination  of  the  Loschmidt  number 
from  measurements  of  the  extinction-coefficient  of  sunlight  of  short  wave- 
length, a  spectrophotometer  being  employed.  The  spectrophotometer  was 
of  special  type  in  which  a  photoelectric  cell  was  used.  The  sensitive  sub- 
stance in  this  cell  was  potassium/  Contained  in  a  chamber  filled  with  argon 
at  a  pressure  of  0*2  mm.,  and  the  cell  was  used  with  a  Wulf  electrometer. 
The  work  was  carried  out  on  the  peak  of  Teneri£Fe,  and  the  mean  value 
deduced  from  the  observations  there  was  found  to  be  2*89  X  10**  molecules 
per  cm.',  which  is  in  agreement  with  the  values  found  by  other  methods. 

A.W. 

7^.  Photomdry  of  West  Indian  Firefly,  "W.  H.  Pickering.  (Nature,  97. 
p.  180,  April  27,  1916.) — Some  interesting  particulars  are  furnished  by  the 
author  from  his  study  of  the  firefly  in  Jamaica.  The  insect  is  brighter  than 
those  found  in  the  United  States  and  England,  and  first  appears  in  Jamaica 
about  the  middle  of  February,  becoming  very  numerous  by  June,  and  being 
specially  noticeable  on  damp  or  foggy  evenings  when  there  is  no  moon.  The 
light  is  continuously  fluctuating,  but  may  readily  be  seen  at  a  distance  of  a 
quarter  of  a  mile.  The  grown  insect  measures  about  80  mm.  (1*2  in.)  in 
length,  by  9  mm.  (0*86  in.)  in  breadth.  The  system  of  lights  is  quite  unlike 
that  of  the  northern  specimen,  and  consists  of  a  green  light  on  either 
shoulder,  with  a  brighter  orange  under  the  abdomen,  the  latter  only  being 
visible  when  the  insect  is  in  flight.  When  enclosed  under  glass  a  distinct 
rise  of  temperature  could  be  observed.  An  attempt  was  made  to  determine 
the  brightness  of  the  fly  as  seen  against  a  wall  58  m.  (176  ft.)  distant,  with 
known  stars  in  the  field  of  vision.  Compariisons  were  thus  made  with 
Canopus  (at  a  low  altitude),  and  a  Ononis  at  about  40°  altitude,  the  firefly 
light  being  about  equal  to  these,  i,e.  about  1  stellar  mag.  As  a  zero  mag.  star 
is  about  equal  to  1  candle  at  626  metres,  the  light  of  the  firefly  would  be 
about  0-004  c.p.  C,  P.  B. 

774.  Ultra-violet  Dispersion  of  Salts  in  Water.  A.  Heydweiller  and  O. 
Grube.  (Ann.  d.  Physik,  49.  6.  pp.  668-670,  May  6, 1916.)— The  author  has 
measured  the  ultra-violet  dispersion  of  seven  salts  at  different  concentrations 
in  aqueous  solution  and  derived  therefrom  by  extrapolation  the  dispersion  of 
the  ion  solutions.  It  is  shown  that  the  results  for  the  visible  and  ultra-violet 
regions  agree  well  with  the  dispersion  equation  of  Drude's  theory.  With 
two  exceptions  all  exhibit  normal  values  for  elm. 

The  ^ecific  oscillation  has  been  estimated  for  the  valency  electrons  of 
the  SO4,  ClOs,  CI,  C»HsO»,  and  CNS  anions,  and  the  frequency  decreases  throu^ 
the  series.  The  frequency  is  practically  independent  of  the  nature  of  the 
kathion.  Only  in  the  case  of  a  very  heavy  kathion  is  there  much  influence, 
which  probably  is  to  be  attributed  to  the  formation  of  complex  ions* 

The  violet  absorption  of  weak  solutions  of  nickel  chloride  arises  from  the 
formation  of  loosely  bound  complex  ions.  The  author  has  estimated  the 
concentration  and  electronic  oscillation  of  this  complex  ion.  C.  S,  G. 

776.  Ultra-violet  Metallic  Spedra.  F.  A.  Saunders.  (Astrophj^  ].  48. 
pp.  284-*242,  April,  1916.)— Tables  are  given  showing  the  wave*lengths  and 
relative  intensities  of  lines  found  in  the  vacuum  arc  spectra  of  Mg,  Ca,  Zn, 
Cd,  Al,  In,  Tl,  Pb,  and  Sn  in  the  ultra-violet  region  X2800-X1670,  and  in  the 
spark  spectra  of  Mg,  Ca,  Zn,  CM,  Al,  In,  and  Tl.  The  results  are  of  interest 
in  connection,  with  series  relationships  among  the  lines.  C.  P.  B. 
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776^  Interferenee  of  RevmedSputra,  C.  Barus.  (Am,  }.  Sci.  41.  pp.  414- 
484,  May,  1916.) — Giiws  a  detailed  description  of  ftirthef  work  on  reversed 
spectra  [Abs.  71  (1916)].  It  now  appears  that  beating  wave-trains  have  not 
been  observed,  but  that  the  striking  scintillations  are  dae  to  an  exceptional 
sasceptibiUty  of  the  apparatus  to  laboratory  tremors  when  exhibiting  the 
phenomenon  in  question.  What  has  certainly  been  observed  is  the  inter- 
ference of  a  Di  or  Ds  line  with  a  reversed  D|  or  D^  line,  both  having  the  same 
source  and  the  same  longitudinal  axis.  It  can  be  stated,  therefore,  that  light 
of  the  wave-length  interval  of  the  breadth  of  these  lines  is  capable  of  inter- 
ference when  the  line  is  reversed.  Some  of  the  results  here  given  have 
already  been  dealt  with  [Abs.  664  and  668  (1916)].  A.  W. 

777.  Pole-effect  in  Calcium  Arc  H.  G.  Gale  and  W.  T.  Whitney. 
(Astrophys.  J.  48.  pp.  161-166,  March,  1916.)— In  the  course  of  work  on  the 
pressure-shift  of  the  lines  in  the  arc  spectrum  of  calcium  observations  were 
made  of  the  pole-effect  of  the  triplets  of  the  first  and  second  subordinate 
series.  It  is  shown  that  the  pole-effect  for  these  subordinate  series  lines 
depends  upon  the  intensity  gradient  from  pole  to  pole  across  the  arc.  The 
fact  that  the  same  wave-length  W9S  obtained  with  either  a  small  or  large 
amount  of  calcium  present  indicates  that  mere  density  of  the  radiating  ions  is 
probably  not  the  underlying  cause  of  the  pole-effect,  and  it  is  suggested 
that  possibly  the  amplitude  of  vibration  of  the  electrons  is  the  predominant 
factor.  C.  P.  B. 

778.  ExUnslon  of  Spectrum  b^ond  the  Schumann  Region.  T.  Lyman. 
(Astrophys.  J.  48.  pp.  89-102,  March,  1916.) — The  author  has  recently  pub- 
lished a  brief  statement  of  the  result  of  his  investigations  on  the  extension  of 
the  spectrum  [Abs.  846  (1916)].  The  present  paper  contains  a  fuller  account 
of  the  work,  and  includes  a  detailed  description  of  the  experimental  pro- 
cedure. Some  experiments  were  made  with  an  electrodeless  discharge,  but 
no  radiation  on  the  more  refrangible  side  of  X800  has  been  obtained  with  it. 
The  arc  discharge  in  quartz,  both  when  Ca  and  Mg  electrodes  were  used, 
showed  no  lines  beyond  XlOOO  which  could  with  certainty  be  attributed  to 
these  metals.  The  spectra  in  both  cases  consisted  mainly  of  secondary 
hydrogen  lines  ;  the  primary  lines  at  X1216  and  X1026  were,  however,  quite 
strong.  The  spectrum,  which  is  intense,  terminates  near  X906.  The  absence 
of  metallic  lines  in  tins  region  is  also  confirmed  by  experiments  with  the 
spark  discharge  at  reduced  pressures.  Both  Al  and  Fe  terminads  were  used, 
but  no  lines  were  found  beyond  X1080.  The  results  for  helium  and  hydrogen 
are  discussed  at  some  length.  The  line  at  X1176  is  perhaps  the  strongest  in  the 
whole  hydrogen  spectrum  ;  it  is  equally  strong  in  helium,  and  is  very  strong 
in  nitrogen ;  of  its  origin  nothing  positive  can  be  said.  All  the  remaining 
lines  to  X977  are  stronger  in  nitrogen  than  in  either  helium  or  nitrogen  ;  all 
occur  in  argon.  From  X997  to  X904  all  the  lines,  with  one  exception,  occur 
in  hydrogen,  helium,  and  argon,  but  with  relative  intensities  depending  on 
the  gas  in  which  they  are  produced.  All  the  lines  on  the  more  refrangible 
side  of  X900  are  obtained  only  when  helium  is  employed,  with  the  exception 
of  X888  which  occurs  in  argon.  The  strength  of  the  pair  near  X885  is  striking. 
Argon  gives  a  spectrum  containing  many  lines  terminating  only  near  X800, 
and  a  careful  study  of  this  spectrum  will  probably  yield  some  interesting 
results.  The  paper  contains  a  table  of  the  wave-lengths  of  27  lines  between 
X699  and  X1247'9,  and  also  gives  photographs  of  four  spectra.  A.  W. 
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779.  Lithium  Spectrum  in  an  Electric  Field,  H.  Lilasem.  (Ann.  d. 
Physik,  49.  7.  pp.  865-680,  May  11, 1916.)— Previous  work  on  the  effect  o£ 
electric  fields  on  the  lines  of  lithium,  hydrogen,  and  helinm  [Abs.  1071  (1914) 
and  1667  (1915)]  tended  to  show  that  further  investigation  of  the  Li  lines  in 
strong  fields  was  desirable,  and  hence  the  research  here  described  was  under- 
taken. The  discharge  tube  was  of  the  usual  Stark  type,  and  both  a  prism 
and  a  plane-grating  spectrograph  were  employed*  Lines  from  the  principal 
and  the  first  and  second  subordinate  series  were  compared,  as  regards 
intensity,  for  fields  up  to  80,000  volts/cm.  The  results  obtained  with  the 
lines  X6708,  X6104,  and  X497a,  belonging  respectively  to  the  three  above 
series,  show  that  the  intensity  ratio  for  the  perpendicular  and  parallel  com- 
ponents is  practically  independent  of  the  field  strength.  Polarisation  effects 
are  next  dealt  with,  and  then  results  are  given  for  the  variation  with  field 
strength  of  the  distance  between  the  various  components  of  the  lines  X4608 
and  X4188.  It  appears  that  the  separation  of  the  outer  ^-components  for  the 
one  line  bears  a  constant  ratio  to  that  for  the  other  line.  At  first  the  separa- 
tion increases  almost  in  direct  proportion  to  the  field  strength,  but  afterwards 
increases  somewhat  more  slowly.  Stark  and  Kirschbaum  have  observed  a 
similar  effect  with  the  He-line  X4472,  which  corresponds  with  the  Li-line 
X4608.  The  latter  part  of  the  paper  deals  with  the  effect  of  the  field  strength 
on  the  intensity  ratio  of  the  components  of  the  first  subordinate  series  lines, 
and  the  displacement  of  the  lines  of  the  second  subordinate  series.  The 
displacement  towards  the  red  of  the  lines  of  the  latter  series  follows  the 
general  series  law  :  it  increases  as  the  line  number  ^increases.  For  the  line 
X4278,  the  second  member,  the  displacement  is  1*2  A.  units,  while  for  X8985, 
the  third  member,  it  is  8*8  A.  units  for  a  field  strength  of  80,000  volts/cm. 

A.W. 

7S0,  Light  Emission  in  Spectrum  Series  Lines,  J.  Stark.  (Ann.  d.  Physik, 
49.  6.  pp.  781-768,  May  6, 1916.)— Describes  research  on  the  duration  of  the 
light  emission  of  series  lines  in  canal-ray  spectra.  A  full  description  is  given 
of  the  experimental  methods  adopted,  and  the  phenomena  of  the  light  emis- 
sion behind  the  kathode  are  discussed  at  some  length.  The  results  of 
the  research  show  that  for  the  series  lines  of  hydrogen,  helium,  and  also 
lithium,  the  duration  of  the  light  emission  increases  as  the  series  niunber 
increases.  A  calculation  is  made  of  the  upper  limit  of  the  duration  of 
the  emission  for  the  H-  and  He-series  lines.  For  Ha  and  H^  the  duration 
of  emission  (T)  is  shown  to  be  less  than  4  x  10""^  sec. ;  for  H^  T  is  less  than 
2  X  10^  sec.  For  Ha  the  duration  is  apparently  longer,  about  4  x  10~*  sec. 
For  the  intense  H-band  lines  in  the  blue  and  violet  T  is  <  4  x  10*'  sec.  For 
the  He-lines  X6876  and  X447a  T  is  <  6  X  10-^  sec,  and  for  the  next  member  of 
the  series  T  is  of  the  order  of  8  x  10"-^  sec.  Theoretical  considerations  based 
on  some  of  Fabry  and  Buisson's  results  lead  to  the  conclusion  that  for  the 
He  line  X5876,  T  is  >  7  X  10^"*  sec.  and  probably  has  a  value  of  about 
1  X  10"*  sec.  The  latter  part  of  the  paper  deals  with  the  connection 
between  the  duration  of  emisaon  and  the  ratio  of  intensities  of  the  displaced 
aAd  stationary  lines  in  canal  rays.  Further  deductions  from  the  resmlts  will 
be  given  in  a  subsequent  paper.  A.  W. 

781.  Theory  of  Stark-effect.    P.  S.  Epstein.    (Phys.  Zeits.  17.  pp.  148-150, 

April  15, 1916.)— A  paper  dealing  with  the  Stark-effect  for  the  Balmer  series 

of  hydrogen.     The  details  of  the  theory  will   be  given  in  a  subsequent 

paper ;  the  theory  is  based  on  Sommerf eld's  work,  and  leads  to  the  following 
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simple  formtila  for  the  displacement  of  the  components  from  the  equiiibriam 
position  : — 

where— 

Zss(mi  +  iWf  +  wj(wi  — iwt)  —  (ill  +  »« +  «t){»i  — «i)- 

h  is  Planck*s  constant,  e  the  elementary  charge,  /i  the  mass  of  an  electron, 
c  the  velocity  of  light,  m  and  n  are  positive  whole  numbers,  and  the  sums 
(mi  +  ffii  4-  nts)  and  (ni  +  nt  +  wi)  correspond  to  the  order  numbers  of  the 
Balmer  series,  so  that  «i  +  wt  +  «i  =  2  while  Wi  +  mt  +  ms  for  each  line  of 
the  series  is  constant,  but  for  the  different  lines  Ha,  H^,  H^...  has  the  values 
8,  4,  6....  Tables  are  given  of  the  values  calculated  by  means  of  the  above 
formula  for  AX  for  the  lines  Ha,  H^,  Ha,  and  the  calculated  values  are  seen 
to  be  in  remarkably  good  agreement  with  the  observations  of  Stark  for  these 
four  lines.    [See  Abs.  460  (1914),  1487  (1916).]  A.  W. 

782.  Light  Absorption  and  Fluorescence,  IV.  Concentration  and  Absorp- 
tion. £.  C.  C.  Baly  and  F.  G.  Tryhom.  (Phil.  Mag.  81.  pp.  417-480, 
May,  1916.)— -A  continuation  of  previous  work  [see  Abs.  560, 1406  (1916)]  on 
the  relation  between  absorption  in  the  ultra-violet  and  infra-red  regions. 
The  position  of  the  absorption  band  and  the  variation  of  the  absoq>tive 
power  with  the  concentration  of  the  absorbing  substance  in  solution  are 
dealt  with  here.  In  the  two  cases  examined,  pyridine  and  salicylaldehyde, 
the  ultra-violet  band  shifts  towards  the  red  on  the  addition  of  a  small 
quantity  of  solvent  and  then  back  to  the  ultra-violet  as  the  concentration  of 
the  solvent  decreases.  With  increasing  dilution  the  centre  of  the  absorption 
band  approaches  the  true  value  for  the  vapour.  The  shifting  of  the  bands  in 
solution  is  due  to  a  combination  or  tendency  to  a  combination  of  the  sub- 
stance with  the  solvent,  and  of  necessity  the  fundamental  infra-red  band 
must  also  shift  with  dilution.  Inversely,  the  solution  acts  as  a  single  entity 
with  its  own  fundamental  frequency  of  vibration  in  the  inf m-red.  A  new 
entity  is  formed  when  the  concentration  is  altered.  Consequently  the  derived 
ultra-violet  frequencies  must  change,  and  change  relatively  more  than  do 
the  infra-red  frequencies,  as  the  concentration  is  altered. 

The  variation  of  absorptive  power  with  concentration  has  been  worked 
out  in  the  case  of  pjrridine  through  an  exhaustive  range  of  dilutions  and  in 
various  solvents.  The  absorptive  power  (h)  does  not  follow  Beer's  law»  and 
a  new  formula  is  deduced  which  fits  the  experimental  values.  This  formula 
is  A/K  =  1  —  e-^^,  where  K  is  the  max.  value  of  k  in  the  given  solvent,  a  a 
constant  characteristic  of  the  substance  and  solvent  used,  and  V  the  dilution. 

It  is  pointed  out  also  that  this  formula  with  suitable  modifications  is 
applicable  to  solution  phenomena  in  general  when  the  mass-action  law  does 
not  hold.  Thus,  the  modification  X/X®  =a  1  —  r-«  V  v,  where  X  and  X®  are  the 
molecular  conductivities  of  a  solution  at  concentration  V  and  at  infinite  dilu- 
tion respectively,  holds  for  weak  electrolytes  at  concentrations  smaller  than 
V  s  4  and  for  a  fair  range  of  concentrations  of  strong  electrolytes.     C.  S.  G. 

788.  High-frequency  Spectra  of  the  Elements  from  As  to  Rh.  M.  Sieg- 
bahn  and  £.  Frimaa.  (Ann.  d.  Physik,  49.  6.  pp.  611-616,  April  11, 
1916.)— The  principal  lines  of  the  K-series,  of  the  elements  As,  Se,  Br,  Rb, 
Sr,  Nb,  Rh,  have  been  determined  by  the  rotating-crystal-photographic 
method  and  the  results  shown  to  be  in  excellent  agreement  with  Mosdesr's 
relation  connecting  wave-lengths  and  atomic  numbers,  viz.  \/(l/X)  ss  a(N — Nt). 
[See  Abs.  681  (1916).]  A.  B.  W. 
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784.  High-frequency  Spectra  (L-series)  of  the  Elements  frwn  Ta  to  Bu  M. 
Siegbahn  and  E.  Friman.  (Ann.  d.  Physik,  49.  6.  pp.  616-624,  April  11, 
1916.)— Tables  of  wave-lengths>  relative  intsnsitics,  etc.,  of  the  principal  lines 
in  the  spectra  of  the  elements  Ta,  W,  Os,  Ir,  Pt,  Au,  Hg,  Tl,  Pb,  Bi; 
Moseley's  relation  ^Jv  =:  j(N—  No)  being  verified.  [See  Abs.  681  (1916)  and 
preceding  Abs.]  A.  B.  W. 

786,  Spectrum  of  Rontgen  Rays.  O.  J.  Zobel.  (Phys.  Rev.  7.  pp.  680- 
582,  May,  1916.) — In  an  application  of  the  Fourier  analysis  to  radiation  pulses 
which  might  result  in  giving  the  proper  Rontgen  spectruiUi  Sommerfeld  [see 
Abs.  1267  (1916)]  compares  the  relative  merits  of  two  types  of  pulses— the 
"  one-sided "  (electric  force  always  of  same  sign  during  each  pulse)  and  the 
"two*sided"  (time-integral  of  electric  force  equals  zero  for  eadi  pulse). 
Sommerfeld  concludes,  "every  one-sid|^  pulse  has  its  spectral  maximum 
in  the  longest  wave-lengths.  On  the  other  hand,  the  intensity  of  the  com- 
pletely '  two-sided '  pulse  is  here  always  equal  to  zero.  From  this  it  appears 
that  only  a  'two-sided'  pulse  caQ  produce  an  actual  Rontgen  spectrum." 

This  result  is  now  criticised,  the  author  attempting  to  show  mathematically 
that  both  types  of  pulses  give  the  broadest  maxin^uoa  in  the  spectrum  ai 
exactly  the  same  wave-lengths,  and  that  the  other  maxima  occur  at  the  same 
wave-lengths  also.  Thus  he  concludes  that  the  "  one-sided  "  pulse  does  not 
have  its  broadest  maximum  in  the  very  long  wave-lengths  any  more  than 
does  the  "two-sided"  pulse.  A.  B.  W. 

RADIO-ACTIVITY. 

786.  Energy  of  Secondary  fi4iays  Produced  by  partly^absorbed  y-Rays. 
H.  F.  Biggs.  (Phil.  Mag.  81.  pp.  48(M88,  May,  1916.)— From  a  consider- 
ation Of  the  work  of  Rutherford  and  Andrade  [Abs.  1548  (1914),  186  (1916)], 
and  of  Rutherford,  Robinson,  and  RawlioBon  [Abs.  182  (1916)],  the  ques- 
tion arises  as  to  whether  the  number  of-  quanta  which  y^rays  of  given  fre- 
quency may  impart  to  secondary  /3-particles  is  independent  of  the  energy  of 
the  impinging  y-rays,  or  whether  the  y-rays,  when  they  lose  energy  in  passing 
through  matter,  may  k>8e  also  the  power  of  producing  /Sprays  of  great  energy 
— whether,  for  instance,  yrays  that  originally  can  impart  6Av  to  an  electron 
may  be  able,  after  pas^ng  through  1  cm.  of  lead,  to  impart  at  most  the  energy 
8Ay.  For  it  seems  probable  that  in  passing  through  matter  y«rays  may  lose 
energy  some  oti^er  way  than  by  the  production  of  0-rays.  It  is  suggested 
that  the  scattering  of  y-rajrs  investigated  by  Florance  [Abs.  884  (1914)}  may 
be  due  to  the  forced  vibration  of  electrons  that  remain 'in  the:  atom  and 
therefore  absorb  less  energy  than  those  projected  as  secondary  /3-rays.  If 
this  is  correct,  it  is  to  be  expected  that  y-rays^  after  passing  through  a  con- 
siderable thickness  of  matter,  would  be,  as  it  were,  shorn  of  some  of  their 
available  quanta,  and  that  therefore  tikeir  secondary  j3-radiation  would  be,  on 
the  whole,  less  penetrating  than  that  of  the  ana£Feoted  y-rays. 

The  paper  describes  an  investigation  of  this  point.  It  was  found  that  if 
this  effect  of  matter  on  the  y-rays  exists,  it  lies  beyond  the  range  of  the 
method  used.  A,  B.  W. 

787.  Radio-active  Fluciuations — using  Unsaturated  Currents,  E.  v. 
Schweidler.  (Ann.  d.  Physik,  49.  6.  pp.  694-698,  April  11,  1916.>~This 
consists  of  observations  on  a  paper  of  the  same  title  by  A.  Ernst  [Abs.  206 
(1916)].  Work  of  Kohkausch  and  of  Meyer  (Jahrb.  d.  RadioakUvitllt,  6..p.  428, 
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1906)  has  shown  that  the  mean  relative  (percentage)  fluctuation  of  the  observed 
ionisation  currents  is  Uss  for  unsaturated  than  for  saturated  currents.  The 
experimental  part  of  the  work,  undertaken  by  Ernst  [loc.  cit,'],  confirmed  these 
striking  results.  Ionisation  fluctuations  and  conductivity  fluctuations  are  first 
considered  when  the  ionisation  is  produced  by  a-rays.  Fluctuations  due  to 
recombination  of  ions  are  subsequently  examined,  the  mean  relative  fluctua- 
tion being  expressed  by  the  relation  i  =  l/>/(^^)i  where  z  is  the  number  of 
a-particles  emitted  per  sec.  A.  B.  W. 

788.  A  New  Element :  Brevium.  O.  H.  G5hring.  (Jahrbuch  d. 
Mineralogie,  ii,  Ref.  16^  1916.  From  Dissertation,  Techn.  Hochschule, 
Karlsruhe.  Chem.  Soc,  J.  108.  ii.  p.  665, 19i6.  Abstract.)— Uranium  X  con- 
sists of  two  elements,  uranium  Xi  and  uranium  Xs,  with  half -periods  of 
24*6  days  and  1*15  minutes  respectively.  The  latter  is  called  brevium,  and 
finds  a  place  in  the  fifth  group  of  the  last  line  of  the  periodic  system,  being  a 
near  analogue  of  Ta.    The  transformation  scheme  of  the  uranium  series  is — 

U,  -V  UXi  — >  VXi  — >  U,  -V  lo  -V  Ra. 

.6  4  5  «  4  9 

789.  Probable  Existence  of  a  Polonium-Hydrogen  Compound,  R.  W. 
Lawson.  (Monatshef te  d.  Chemie,  86.  pp.  845-852, 1915,)— In  the  author's 
experiments  on  the  range  of  a-particles  given  off  by  polonium  in  a  hydrogen 
atmosphere,  it  was  noticed  that  the  ionisation  current  at  a  given  distance  from 
the  source  of  the  rays  increases  slowly  with  time.  The  suggestion  is  now  put 
forward  that  a  volatile  compound  of  Po  and  hydrogen  is  formed,  such  com- 
pound being  quickly  decomposed  by  ionised  oxygen.  L.  H.  W. 

790.  Radio* activity  of  Allanite,  L.  S.  Pratt.  (Am.  Inst  Mining  Eng., 
Bull.  lia.  p.  865,  May,  1916.  Met  and  Chem.  Eng.  14.  p.  484,  May  1, 1916  ) 
— ^A  rough  comparison  has  been  made  between  the  radio-activity  of  allanite 
and  the  following  feebly  radio-active  substances :  uranium  nitnite,  Nernst 
mantle,  thorianite,  and  radium  residue.  It  was  found  that  the  ionisation  pro- 
duced by  a  sample  of  allamte  was  about  one-eighth  that  of  the  Nernst  mantle 
and  one-fifth  that  of  the  same  quantity  of  uranium  nitrate.  A.  B.  W. 
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791.  Diathermancy  of  Liquids,  J.  Vallot.  (Comptes  Rendus,  162. 
pp.  60i-606,  April  8, 191d.>— The  author  has  shown  [Abs.  1696  (1915)]  that 
errors  in  the  determination  of  the  diathermancy  of  liquids  due  to  reflection,  etc., 
at  the  end-plates  of  the  containing  vessel  could  be  eliminated  by  measuring 
the  absorption  produced  by  a  capillary  layer  between  the  plates.  The 
method  fails  in  the  case  of  thick  and  syrupy  liquids,  for  which  it  is  im- 
possible to  obtain  layers  of  sufficient  thinness,  and  also  for  liquids  having 
strong  absorption  bands.  In  these  cases  it  is  shown  how  the  end-plate  error 
can  be  allowed  for  by  making  use  of  the  fact  that  the  absorption  produced 
by  plates  and  capillary  layer  is  inversely  proportional  to  the  difference 
between  the  refractive  indices  of  the  liquid  and  the  plates.  This  statement 
has  been  verified  by  observations  on  some  40  colourless  liquids,  using 
optically  worked  quartz  plates.  D.  O.  W. 

792.  Influence  of  Pressure  on  the  Combustion  of  Explosive  Gas-Air  Mixtures. 
E.  Terres  and  F.  Plenz.  (J.  f  Qr  Gasbeleuchtung,  57.  pp.  990-995, 1001-1007, 
1016-1019, 1914.)— The  influence  of  pressure  on  the  explosive  limits  of  mix- 
tures of  hydrogen,  CO,  and  methane  with  air,  and  on  the  processes  of 
combustion  has  been  investigated  by  estimations  of  the  products  of  the 
reactions.  Increase  of  the  initial  pressure  restricts  the  region  of  explosion, 
particularly  with  the  mixtures  containing  CO ;  the  upper  limit  of  explosion 
of  methane  furnishes,  however,  an  exception  to  this  rule.  The  explosion  limit 
is  by  no  means  a  sharply  defined  region,  diminishing  concentration  leading 
gradually  from  the  region  of  explosion  through  one  <^  decreasing  partial 
combustions  to  mixture^  which  do  not  ignite.  With  hydrogen  and  methane, 
such  partial  combustions  are  lacking  at  the  upper  limit  of  explosion.  The 
explosive  limits  are  defined  as  the  concentrations  of  combustible  gas  at  which 
the  heat  developed  in  unit  time  exactly  covers  the  loss,  so  tiie  combustion 
either  just  does  or  just  does  not  proceed  through  the  mixture.  With  rise  of 
temperature  these  limits  are  extended.  As  regards  the  ignition,  it  is  found  that 
no  essential  difference  exists  between  ignition  by  heating  and  ignition  by  a 
spark ;  the  locality  of  the  ignition  does,  however,  exert  a  marked  influence  on 
the  value  of  the  partial  combustions.  T.  H.  P. 

793.  Characteristic  Curves  for  COt,  S(h,  NHt,  and  Steam.  B.  Leinweber. 
<Zeits.  Vereines  Deutsch.  Ing.  60.  pp.  868-866,  April  20, 1916.)— Hitherto  no 
analytical  equation  has  been  discovered,  making  it  possible  to  determine  cor- 
responding values  of  p  and  v  for  dry  saturated  vapours.  The  law  pif*  s  C  is 
approximately  true  for  permanent  gases  (i.e,  very  highly  superheated  vapours) 
but  even  then  the  index  n  is  not  absolutely  constant  The  author  attacks  the 
problem  by  drawing  the  p,  v  curve  for  dry  saturated  vapour  from  published 
tables  and  thence  deriving  the  "  diagram  characteristic "  [see  also  Abs.  701 
(1918),  181  (1914)]  which  shows  at  once  the  index  n  (inpifssC)  correspond- 
ing to  each  point  on  the  "  condition  curve  "  p,  v.  The  value  of  n  is  not  con- 
stant, but  may  be  expressed  as  a  function  of  p  (or  v).  The  characteristic 
curves  show  clearly  the  effect  of  any  error  in  the  tabular  values  of  p,  v  (which 
are  often  interpolated) ;  suitable  allowance  is  easily  made  for  this  and  mean 
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characteristics  are  obtained  from  which  the  mean  values  of  n  are  calculated. 
The  primary  p,  v  curve,  the  characteristic  curves  I,  II,  and  the  mean  curves 
(dotted)  for  SOt  are  shown  in  the  Fig.  Similar  curves  are  given  for  COt,  NHt, 
and  steam.  The  critical  pressures  are  :  COt,  75  atmos.,  81^  C,  SO9,  81  atmos., 
156^  C. ;  NHt»  115  atmos.,  180°  C. ;  steam,  205  atmos.,  865°  C  ;  and  it  is  shown 
that  at  low  pressure  and  temperature  the  exponent  of  the  **  condition  line"  is 
practically  constant.  Mean  values  are  :  n  3=  Qr^  up  to  22*8  atmos.  for  COs ; 
1*00  up  to  0*88  atmos.  for  SOt ;  1*0  up  to  0*95  atmos.  for  NHs ;  and  1*074  up  to 
0*85  atmos.  for  HtO.  At  higher  pressures^  except  in  the  case  of  COt,  the 
exponent  varies  within  wide  limits  and  according  to  a  wavy  characteristic. 

11 
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The  mean  curve  x  is  curved  for  SOt  (see  Fig.)  and  yet  more  curved  for  COt 
(almost  parabolic  in  the  neighbourhood  of  the  critical  pressure) ;  but  for  NHt 
and  HtO  it  is  practically  a  straight  line,  corresponding  to  h  =5 1*07  and  1*1 
respectively.  The  critical  pressure  is  low  for  SOt,  lower  for  COt,  but  much 
higher  for  NHt  and  water.  In  other  words  the  line  x  is  straight  for  critical 
pressures  above  a  value  lying  between  81  and  115  atmos.  and  for  lower 
pressures  becomes  more  curved  the  lower  the  critical  pressure,  at  any  rate 
where  the  present  four  vapours  are  concerned*  In  order  to  obtain  an  equa- 
tion for  the  condition  curve  ^, »,  it  is  necessary  to  set  n  =/  (^)  +  F  (/),  where 
/(^)  is  such  a  function  that  it  gives  the  curved  line  x  for  vapours  with  low  critical 
pressure^  on  being  substituted  in  the  formula  (1  +  tan  if^)  ss  (1  +  tan  ^^K  The 
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term  F  (p),  on  the  other  hand,  is  a  high  cyclic  function  imparting  to  the 
characteHstic  its  oscillations  about  the  mean  line  x.  Then  for  vapours  with 
high  critical  pressure,  n  ss  c  +  P  (^),  where  c  b  a  constant.  Before  the  values 
of  /  (t),  P  (t)  can  be  usefully  evaluated  it  is  necessary  to  determine  more 
accurately  tables  giving  actual  p,  v  values  for  vapours.  Variations  in  n  for 
steam  are  not  sufficient  to  make  correction  necessaty  in  constructing  expan- 
sion characteristics  for  indicator  diagrams.  R  E.  N. 

794.  Law  of  DistrihuHon  of  Molecular  VelddHes,  and  Theory  of  Viscosity  and 
Thermal  Conduction  in  a  Non-uniform  Simple  Monatomic  Gas,  S.  Chapman. 
(Roy.  Soc.,  Phil.  Trans.  216.  pp.  279-848,  May  26, 1916.)— The  kinetic  theory 
of  gases  can  be  developed  accurately  only  after  the  distribution  of  molecular 
velocities  has  been  determined.  This  was  done  by  Maxwell  in  the  case  of  a 
uniform  gas,  but  his  well-known  distribution  law  does  not  suffice  for  an  accurate 
theory  of  diffusion,  viscosity,  or  thermal  conduction  since  these  only  occur 
when  the  gas  is  not  uniform.  Previously  [see  Abs.  686  (1912)]  the  author 
endeavoured  to  extend  Maxwell's  accurate  theory  of  a  gas  to  molecules  of  this 
most  general  kind  possessing  spherical  S3rmmetry,  by  assuming  a  simple  form 
of  the  velocity  distribution  function.  These  calculations  were  only  approxi- 
mate, and  in  the  present  paper  the  author  obtains  a  general  expression  for  this 
function  for  a  gas  in  which  the  mean  velocity  and  temperature  vary  from  point 
to  point,  the  molecules  possessing  spherical  symmetry,  the  state  being  such 
that  the  molecular  paths  are  sensibly  rectilinear  for  the  majority  of  the  time, 
the  duration  of  the  encounters  being  small  compared  with  the  time  between 
two  and,  finally,  the  M.P.P.  being  small  compared  with  the  space  variation  of 
pressure,  density,  and  temperature. 

The  formulae  obtained  are  worked  out  in  detail  for  three  special  t3rpes  of 
molecules :  {a)  point  centres  of  force  varying  inversely  as  nth  power  of  the 
distance,  (b)  rigid  elastic  spheres,  (c)  rigid  elastic  attracting  spheres.  The 
results  agree  best  with  experiment  in  this  last  case,  e,g.  it  gives  a  formula  of 
the  Sutherland  type  for  the  variation  of  viscosity  with  temperature.  Theo- 
retically the  numerical  constant/  in  the  equation  /i  =yK^»  connecting  viscosity, 
conductivity,  and  specific  heat  is  shown  to  have  a  value  rather  greater  than  2*6 
for  all  8  types  of  molecules ;  varying  n  in  (a)  from  0  to  oo  only  causing  /  to 
alter  from  2*5  to  2*525.  The  expression  obtained  for  molecular  diameters  in 
terms  of  /i  gives  numerical  values  in  close  agreement  with  those  obtained  from 
van  der  Waals'  6.  D.  O.  W. 

796.  Energy  of  Agitation  and  Absolute  Temperature  in  Isotropic  Solids,  M. 
Brillouin.  Qourn.  de  Physique,  4.  pp.  681-699,  Oct.-Nov.,  1914.)— The 
general  theory  of  solids  is  incomparably  more  difficult,  and  our  knowledge  of 
it  less  advanced,  than  that  of  fluids.  The  hypothesis  of  Clausius,  that  the 
kincJtic  energy  of  one  gm.^nolecule  (or  more  exactly  of  one  degree  of  freedom 
of  thisgm.-mdecnle)  is  proportional  to  the  experimental  absoluteltemperatnre, 
ii  not  at  all  applicable  to  the  case  of  a  solid.  Proceeding  on  the  lines  of 
classical  thermod3mamics,  combined  with  modern  ideas  of  "black"  radia- 
tion, but  without  anywhere  introdudng  the  notion- bf  *' quantum,"  the  autlior 
deduces  formulae,  giving  the  connection  between  the  thermodynamic  potential 
and  the  general  properties  of  an  isotropic  solid  body.  The  energy  of  mole- 
cular agitation  Of  a  gm. -molecule  is  shown  to  be  given  by  the  product  of  a 
'*  universal  function  "  (involving  the  velocities  and  frequencies  of  the  waves 
in  the  ether  and  material  medium,  together  with  the  density  oi  the  energy) 
and  the  quantity  MV/2w;,  in  which  V  is  the  vc^time  of  the  molecular  mass  M, 
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and  Ml  the  velocity  of  the  elastic  wave  in  the  solid  medium.  A  similar 
formtda  gives  the  energy  of  rotation  of  the  gm.-molecule.  This  relation  is 
seen  to  be  very  far  removed  from  that  which  holds  in  the  case  of  a  simple 
gas.    Various  simplifications  are  shown  to  be  possible  in  particular  cases. 

T.  B. 

796.  Entropy  of  Solid  Solutions.  O.  Stern.  (Ann.  d.  Physik,  49.  7. 
pp.  828-841,  May  11, 1916.)— The  author  gives  a  general  theory  of  solid  solu- 
tions based  bn  the  assoknption  that^  ih  a  mixed  crystal,  the  molecules  of  the 
components  are  arranged  in  equilibrium  layers  with  a  space-lattice  structure^ 
and  are  able  to  interchange  their  positions  by  di£Fusion.  All  possible  arrange* 
ments  of  the  crystal  are  obtained  by  distributing  the  different  kinds  of 
molecules  in  all  possibde  ways  over  the  lattice^  and  each  of  these  arrange- 
ments represents  a  definite  chemical  compound  isomeric  with  all  the  others. 
The  probabiHty  of  a  selected  arrangement  and  the  entropy  of  the  solution 
atre  obtained  with  the  help  of  the  theory  of  chemical  equilibrium,  and  thi$ 
gives  general  formulas  for  the  free  energy  and  specific  heat  The  value  of 
the  entropy  approached  at  high  temperatures  agrees  with  that  obtained  from 
the  classical  thecny,  but  it  is  not  zero  at  the  absolute  zero  of  temperature 
unless  6nc  arrangement  only  has  a  smaller  free  energy  than  all  the  others. 
This  is  the  condition  for  Nemst's  theorem  (that  the  entropy  tends  to  zero  as 
the  temperature.decreases)  t6  hokU  If  more  than  one  arrangement  has  this 
same  minimum  amount  of  energy  the  Nernst  theorem  does  not  hold  good. 

D.O.W, 
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797.  True  Nature  of  Speech.  J.  B.  Flowers.  (Am.  I.  E.  E.,  Proc,  85. 
pp.  188-901,  Feb.,  1916.) — ^From  experiments  showing  that  speech  is  the 
result  of  action  of  the  mboth-parts  in  varying  the  intensity  of  the  voice  and 
mouth-tones,  and  through  photographs  taken  with  the  string  galvanometer 
of  each  letter  sound  of  the  alphabet,  it  is  concluded  that  speech  is  a  rapid 
variation  in  intensity  of  the  voice  and  mouth-tones  according  to  definite 
sound  patterns  called  letters  of  the  alphabet  From  the  photographic 
vibration  records  the  phonographic  alphabet  is  obtained  by  measuring  the 
variations  in  intensity  of  the  main  tone  of  the  record. 

The  precise  meaning  will  be  clearer  if  illustrated  by  an  example.  Thus, 
if  a  tone  of,  say,  1000  cycles  per  sec.  commences  softly,  increases  consider- 
ably in  loudness  reaching  a  maximum  in  about  1/150  sec.,  decreasing  to  about 
half  the  amplitude  in  the  next  1/150  sec.,  then  very  slightly  increasing  and 
decreasing  in  the  next  1/150  sec.,  it  is  claimed  that  the  sound  of  b  is  heard* 
No  matter  what  the  pitch,  provided  the  fluctuations  of  loudness  f<^ow  this 
law  and  are  included  in  about  1/50  sec.,  it  is  asserted  that  the  sound  of  6  is 
recognised.  Thus,  in  the  fiftieth  of  a  second,  we  may  have  20  vibrations  at  a 
frequency  of  1000,  or  only  5  vibrations  at  a  frequency  of  250. 

A  design  for  a  voice-operated  phonographic-alphabet  writing  machine  is 
also  described.  The  object  of  this  device  is  to  record  speech  automatically 
in  ink  on  paper  in  the  form  of  an  easily  read  compact  system  of  natural 
characters  called  the  phonographic  alphabet.  Its  design  comprises  a  high- 
power  telephone  transmitter  controlling  electric  resonator  circuits,  the 
intensity  of  currents  in  which  is  measured  by  the  vibration  of  mirrors 
reflecting  light  upon  a  selenium  cell  connected  to  a  special  recording  pen. 

E.  H.  B. 

798.  Suh-Helmholtzian  Vibrations  of  a  Rubbed  String.  H.  Clark.  (Phys. 
Rev.  7.  pp.  561-579,  May,  1916.)— The  problem  of  the  longitudinal  vibration 
of  a  rubbed  string  has  been  extensively  studied  by  Davis  [Abs.  1261  (1906)] , 
to  whom  it  was  suggested  by  its  usefulness  in  the  study  of  the  effects  of 
mechanical  stress  upon  the  magnetic  properties  of  materials.  The  present 
author  undertook  a  further  study  of  the  subject  with  a  twofold  purpose: 
first,  of  determining  more  carefully  the  conditions  necessary  for  the  production 
and  accurate  duplication  of  the  various  wave-forms  with  unfailing  regularity ; 
and  second,  of  studying  in  detail  particular  conditions  of  rubbing  hitherto 
uninvestigated. 

A  satisifactory  solution  of  the  first  of  these  problems  is  due  largely  to  the 
adoption  of  a  new  rubbing  device  whose  action  is  extremely  uniform  and 
reliable.  This  was  a  silk-covered  brass  wheel  wetted  with  alcohol  and 
rotated  by  an  electric  motor.  The  second  problem  refers  to  the  so-called 
sub-Helmhokzian  vibrations  which,  under  favourable  circumstances,  nuy  be 
produced  iby  rubbing  with  slight  pressure.  They  are  of  small  amplitude  and 
were  photographically  recorded,  six  reproductions  being  given  in  the  paper. 

E*  H*  D. 
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790.  Variation  of  Sound  Intensity  with  Distance.  G.  W.  Stewart. 
(Phys.  Rev.  7.  pp.  442-446,  April,  1916.) — A  continuation  of  previous  work  as 
to  the  departure  of  sound  intensity  from  the  law  of  the  inverse  square  of 
distance  when  the  origin  is  a  small  area  in  the  surface  of  a  rigid  sphere,  to 
which  the  human  mouth  is  assimilated. 

The  results  are  now  applied  to  hearing  by  use  of  the  reciprocal  theorem 
of  Helmholtz,  and  are  shown  in  tables.    [See  Abs.  1716  (1916).]         E.  H.  B. 

800.  Resonance  Theory  of  Audition  due  to  Helmholtz  in  agreement  with 
the  Acoustical  Phenomena  referred  to  as  Reflection  or  Pfaundler  Tones,  F.  A. 
Schulze.  (Ann.  d.  Physik,  49.  6.  pp.  688-709,  May  5,  1916.)— An  experi- 
mental research  m  which  a  nuiQber  of  tones  were  examined  and  the  results, 
as  favouring  the  resonance  theory  or  the  periodic  theory,  given  in  tables 
occupying  five  pages.  The  chief  results  may  be  summarised  thus  : — For  the 
regular  intermittances  or  fluctuations  of  intensity  or  regular  phase-changes 
of  a  primary  given  tone,  also  for  the  so-called  reflection  tones  or  Pfaundler 
tones,  and  again  for  the  related  Seebeck  tones,  what  is  heard,  contrary  to 
earlier  observations,  is  not  in  agreement  with  the  periodic  theory  of  audition, 
but,  on  the  other  hand,  is  in  all  details  in  poiect  agreement  with  the 
resonance  theory  of  audition  and  confirms  it.  The  ear  always  behaves  in  these 
cases  as  a  set  of  resonators  in  the  sense  of  the  conceptions  of  Helmholtz. 
Hence  there  are  no  reflection  tones,  just  as  there  are  no  intermittent  tones 
and  no  phase-change  tones.    [See  Abs.  882  (1915).]  £.  H.  B. 

801.  Pressure  of  Sound  Waves,  E.  P.  Lewis.  (Science,  48.  pp.  646-648, 
May  6, 1916.)— In  his  "  Heat  Radiation,"  Planck,  after  proving  from  electro- 
magnetic theory  that  the  pressure  of  radiation  equals  the  volume  density  of 
radiant  energy,  shows  that  the  corpuscular  theory  of  light  would  give  a 
pressure  twice  as  great  From  this  he  infers  that  the  Maxwell  radiation- 
pressure  cannot  be  deduced  from  energy  considerations,  but  is  peculiar  to 
the  electromagnetic  theory  and  is  a  confirmation  of  that  theory.  The  implied 
conclusion  is  that  mechanical  waves  would  not  exert  a  pressure  of  this 
magnitude.  It  is  then  recalled  that  Rayleigh  has  shown,  from  energy  con- 
siderations, that  transverse  waves  in  a  cord  exert  a  pressure  equal  to  the  linear 
energy-density,  and  that  sound  waves  in  air  must  cause  a  pressure  equal  to 
the  volume  density  of  energy  in  the  vibrating  medium. 

As  the  pressure  due  to  sound  waves  in  a  gas  must  be  ultimately  the  result 
of  molecular  impacts,  it  would  seem  probable  that  the  magnitude  of  this 
pressure  may  be  determined  from  the  elementary  kinetic  theory ;  and  this 
proves  to  be  the  case.  The  following  is  an  outline  of  the  author's  method. 
Let  U'  be  the  mean  square  of  the  translational  velocity  normal  to  the  surface 
in  question  and  let  i**  be  the  mean  square  of  velocity  in  the  same  direction 
due  to  wave  displacement.    Then  total  pressure  on  surface  is — 

Ni»  (U  ±  !*)»  as  Nm  (U»  +  w»), 

since  on  the  whole  ±  2Uu  is  zero.  But,  apart  from  the  waves,  the  gas 
pressure  would  be  NmU*,  which  leaves  as  pressure  due  to  the  sound  waves 
Nifitt* ...  (1).  But  this  is  the  volume  density  of  wave  energy.  For  if  the 
waves  are  a  sin  w  (/  —  xlv),  the  volume  density  pf  energy  is — 

ipaV  =  pu*  =  Nwtt» ...  (2). 
[See  Abs.  1496  (1902)  and  1471  (1904).]  E.  H.  B. 
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THEORY,  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

802.  Electrodynamics  of  Dielectrics.  P.  Duhem.  (Comptes  Rendus, 
162.  pp.  283-286,  Feb.  21,  1916.)— Expressing  the  total  electric  field  in 
the  known  form  :  =  ^*/c)^  +  ;)Q/<)e  — BR/^;',  it  =  ()*/^>' +  2)R/<>Jf  — ^P/B«, 
Z  =  'b*[}^z  +  7iPl^y  "^Qfbx,  the  author  shows  that  within  any  didectric  the 
equation  2)'Vft/»  —  47rK.^»«/t)/*  is  satisfied,  where  K  is  the  polarisation  co- 
efficient. This  equation  negatives  the  author's  former  assumption  (Archives 
Neerlandaises,  p.  227, 1901)  that  in  the  transmission  of  plane  waves  across  the 
common  surface  of  two  dielectrics,  the  component  along  the  surface,  of  the 
longitudinal  field,  has  no  discontinuity  at  the  surface,  and  shows  that  when  an 
assumption  is  needed  for  determination,  the  true  one  is,  for  simple  harmonic 
waves,  that  it  is  not  the  component  along  the  surface  of  the  longitudinal 
field  that  varies  continuously,  but  K  times  the  component.  Further,  it  is 
shown  that,  in  a  medium  consisting  of  two  or  more  dielectrics,  the  electric 
field  cannot  be  entirely  longitudinal.  G.  W.  de  T. 

803.  The  Law  of  Electromagnetic  Induction.  L.  Lombard!.  (Elettro- 
tccnica,  8.  pp.  286-296,  May  15, 1916.)— A  discussion  which  took  place  lately 
upon  the  exact  enunciatioa  of  the  law  of  electromagnetic  induction  and  upon 
the  interpretation  of  some  experiments,  the  purpose  o^  which  was  to 
demonstrate  that  the  common  enunciation  of  this  law  was  incomplete,  if 
not  incorrect,  leads  the  author  to  consider  this  argument.  Starting  from 
Faraday's  experiments  and  conceptions,  the  author  shows  that  in  all  cases 
the  vsdue  of  the  e.m.f .  induced  in  a  conductor  is  the  sum  of  the  elementary 
e.mJ.'s  induced  in  each  element  of  it  by  the  nun^ber  of  tubes  or  lines  of 
magnetic  induction  cut  in  tmit  time.  This  is  the  exact  manner  of  enunciating 
the  law  of  magnetic  induction.  But,  on  the  other  hand,  the  consideration  of 
the  variation  of  the  magnetic  flux  through  a  closed  circuit  leads  to  a  con- 
siderably simpler  calculation  of  the  integral  e  jni.  generated  in  the  circuit. 
This  form  of  enunciation  of  the  law  of  the  electromagnetic  induction  is  then 
of  practical  interest  only,  but  it  does  not  answer  to  a  physical  conception. 
It,  therefore,  must  be  applied  only  in  those  cases  that  fulfil  the  conditions  in 
which  the  experiments  of  Faraday,  from  which  it  was  originated,  were  made. 
These  conditions  are  that  the  induced  circuit  be  always  closed,  that  its  form 
be  not  changed,  and  that  no  brushes  or  sUding  contacts  be  employed. 

The  author  discusses  Hering's  experiments  [Abs.  888  (1908)]  and  also 
Blondel's,  and  describes  an  apparatus  devised  by  himself  for  the  same  pur- 
pose ;  the  apparatus  is  similar  to  that  of  Blondel,  but  more  generaL         E.  B. 

804.  Mobilities  of  Ions  produced  by  spraying  Distilled  Water,  J.  J.  Nolan. 
(Roy.  Irish  Acad.,  Proc.  88.  pp.  9-28,  May,  1916.)— Previously  the  author  has 
investigated  the  electrification  given  to  distilled  water  by  breaking  it  up  in 
contact  with  air  [Abs.  1702  (1914)].    The  water  takes  up  a  positive  charge 
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proportional  to  the  area  of  new  water*surface  produced ;  the  negative  charge 
is  carried  off  in  the  air,  which  contains  ions  of  both  signs  with  negative  in 
excess.  The  author  now  investigates  the  mobilities  of  these  ions.  The  coaxial 
cylinder  method  of  measurement  is  used,  in  which  the  ionised  air  is  drawn  at 
a  steady  rate  from  the  spraying  chamber  between  the  cylindrical  electrodes 
and  a  current^voltage  curve  is  plotted.  If  a  number  of  different  classes  of 
ions  is  present,  each  class  having  definite  mobility,  the  curve  is  made 
up  of  a  number  of  straight  lines,  the  final  line  being  parallel  to  the  axis  of 
voltage.  Each  intersection  represents  a  voltage  at  which  one  class  of  ion  is 
saturated,  and  the  mobility  is  given  by  V  =  log,(ft/a)Q/2irLM,  where  V  is  the 
saturation  voltage,  a  and  b  are  the  radii  of  the  inner  and  outer  cylinders,  Q  is 
the  quantity  of  air  drawn  through  per  sec,  L  the  length  of  inner  cylinder, 
and  u  the  mobility.  The  author  summarises  his  results  as  follows : — Twelve 
classes  of  ions  exist  having  mobilities  of  000088,  0-0010,  00048,  0  018,  0"46, 
0-12,  0-24,  0-63,  1-09,  8*27  and  66  cm./sec.  per  one  volt/cm.  These  are 
found  carrying  both  positive  and  negative  charges  except  the  fastest,  which 
has  not  been  found  with  a  positive  charge.  There  is  no  change  of  mobility 
with  time  within  a  considerable  range.  The  negative  ions  exceed  the  positive 
in  the  ratio  of  5/4  for  the  slower  ions,  varjring  to  2/1  for  the  faster  groups. 
Certain  mobilities  occur  that  do  not  fit  in  with  any  of  the  above,  which 
tends  to  weaken  the  idea  of  groups.  Nevertheless  the  group  system  is  held 
to  be  well  established  for  the  slower  ions  and  hardly  less  so  for  those  more 
mobile.  Further  investigation  by  a  more  accurate  and  rapid  method  should 
clear  up  the  point.    [See  next  Abstract.]  T.  H. 

806.  Nature  of  the  Ions  produced  by  bubbling  Air  through  Mercury.  J.  A. 
M'Clelland  and  P.  J.  Nolan.  (Roy.  Irish  Acad.,  Prbc.  88.  pp.  24-84, 
May,  1916.) — In  this  work  the  mobilities  of  the  ions  carried  away  by  air 
bubbled  through  mercury  are  examined.  The  method  adopted  is  similar  in 
principle  to  that  described  in  the  preceding  Abstract.  The  .mobilities  are 
found  to  vary  with  the  time:  the  longer  the  time  that  elapses  between 
bubbling  and  measurement,  the  smaller  the  mobilities.  With  sufficient  time, 
the  mobilities  reach  steady  values.  The  slowest  ion  finally  reaches  the  -same 
mobility  as  the  large  Langevin  ions  found  in  the  atmosphere,  and  in  flame 
gases  which  have  been  allowed  to  cool,  and  apparently  there  is  no  further 
decrease.  Measurements  were  therefore  made  (1)  allowing  time  for  the 
minimum  values  to  be  reached  using  nndried  air  ;  (2)  similarly,  using  dried 
air  ;  (8)  as  soon  as  convenient  after  the  bubbling,  using  undried  air ;  (4)  simi- 
larly, using  dried  air.  Five  sets  of  ions  are  shown  to  exist  in  all  four  c^ses. 
The  mobilities  in  case  (1)  are  smaller  than  those  in  case  (2),  and  similarly  those 
in  case  (8)  are  smaller  than  in  case  (4)  ;  but  the  ratios  of  the  mobilities  of  the 
ions  in  the  different  groups  are  approximately  the  same  in  all  cases. 

The  variation  of  mobility  with  time  is  explained  as  due  to  the  mercury 
ions  gradually  adding  on  water- vapour  before  arriving  at  a  stable  condition. 
When  the  air  is  "  dried  "  the  approach  to  stable  conditions  is  retarded  by  the 
diminution  of  vapour  present. 

The  mobilities  of  the  five  stable  sets  of  ions  found  when  using  undried  air 
bubbled  through  mercury  correspond  closely  with  those  of  the  five  slowest 
groups  found  in  the  preceding  work,  using  air  from  sprayed  water ;  and  in 
a  joint  discussion  of  the  results  with  the  author  of  the  preceding  paper  these 
groups  alone  are  dealt  with.  Amongst  various  possit^ities  the  authors  put 
forward  the  suggestion  that  there  is  one  stable  size  of  water  globule  to  which 
a  charge  is  attached,  and  the  five  different  ions  consist  of  groupings  of 
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difiFerent  numbers  of  these  globules.  Before  the  steady  state  is  reached  each 
globule  is  taking  on  water,  and  therefore  the  grouping  which  constitutes  an 
ion  is  growing  at  a  rate  depending  on  the  numbei-  of  globules  it  contains. 
The  constancy  of  the  ratio  of  mobilities  is  at  once  explained  on  this  theory. 
According  to  this  view  ions  of  each  class  combine  to  form  the  next  slower 
class,  and,  given  sufficient  time,  an  excess  of  the  most  complex  ion  would  be 
obtained.  The  percentage  of  slowest  ion  present  does  increase  with  time, 
but  it  is  uncertain  whether  this  may  not  be  sufficiently  explained  by  the  more 
rapid  loss  of  the  more  mobile  ions  through  recombination.  T.  H. 


DISCHARGE  AND  OSCILLATIONS. 

806.  lonisaiion  and  Dissociation  of  Hydrogen  Molecules  and  the  Formation 
of  Ht.  A.  J.  Dempster.  (Phil.  Mag.  81.  pp.  488-448,  May,  1916.)— By  the 
analysis  of  positive  rays  J.  J.  Thomson  has  shown  that  in  a  discharge-tube 
containing  hydrogen  there  are  present  charged  atoms,  charged  molecules, 
and  sometimes  a  constituent  with  a  mass  three  times  that  of  the  atom  of 
hydrogen.  In  the  present  investigation  a  different  method  of  obtaining  the 
•positive  rays  was  used,  accelerated  electrons  from  a  Wehnelt  kathode  being 
employed  for  this  purpose.  Combined  electric  and  magnetic  fields  deflect 
the  positive  particles  through  a  parabolic  slit  into  a  Faraday  measuring 
chamber.  It  is  found  that  electrons  of  800  volts  velocity  ionise  hydrogen  by 
detaching  a  single  elementary  charge  from  the  molecule.  They  are  not  able 
to  dissociate  the  gas.  The  positive  molecules  so  formed  are  able  to  dissociate 
the  gas.  When  this  occurs  the  complex  Hs  is  formed.  Hs  cannot  be  regarded 
as  a  stable  gas,  since  it  is  not  present  when  there  is  no  dissociation  of  the 
hydrogen  molecules.  A.  B.  W. 

807.  Photoelectric  Discharge  from  Leaves,  J.  A.  McClelland  and  R. 
Fitzgerald.  (Roy.  Irish  Acad.,  Proc.  88.  pp.  1-8,  May,  1916.)— Leaves  of 
sycamore,  chestnut,  grass,  chrysanthemum,  and  others  were  placed  on  an 
insulated  support  in  a  metal  vessel,  the  lid  of  which  was  a  quartz  window, 
with  metal  gauze  underneath,  through  which  ultra-violet  light  was  passed. 
The  tray  containing  the  leaves  was  joined  to  an  electrometer,  and  the  metal 
vessel  to  a  source  of  340  volts.  The  max.  effect  from  a  leaf  (sycamore,  chry- 
santhemum)  was  about  10  %  of  that  from  the  same  area  of  copper.  Acetone 
solutions  of  chlorophyll  are  inactive,  but  a  very  active  precipitate  is  obtained 
by  diluting  them  largely  with  water.  With  warm  distilled  water  an  extract 
can  be  obtained  which  is  half  as  active  as  copper.  The  results  are  taken  as 
showing  that  the  emission  of  electrons  imder  ultra-violet  light  is  facilitated  by 
chemical  change,  more  especially  as  oxidising  agents  greatly  increase  the 
activity.  E.  E.  F. 

808.  Absorption  of  Gas  by  Quartz  Vacuum  Tubes.  R.  S.  Willows  and 
H.  T.  George.  (Phys.  Soc,  Proc.  28.  pp.  124-180 ;  Disc,  180-181,  April, 
1016.)— The  experiments  are  a  continuation  of  those  of  Willows  [Abs.  1618 
(1001)]  and  Hill  [Abs.  486  (1018)]  on  the  absorption  of  gas  which  is  brought 
about  by  electrical  discharges.  A  new  quartz  bulb  does  not  absorb  air,  but 
if  it  be  fed  with  repeated  doses  of  hydrogen — ^which  are  absorbed  when  an 
electrodeless  discharge  is  passed — ^it  then  becomes  very  active.  If  discharges 
in  hydrogen  are  alternated  with  those  in  air  the  bulb  can  be  made  to  absorb 
large  quantities  of  either  gas,  and  the  activity  with  each  gradually  increases. 
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The  authors  reject  the  theory  of  surface  absorption,  and,  in  their  own  experi- 
ments at  least,  also  Swinton's  theory  that  the  gas  is  shot  into  the  walls  and 
held  there.  It  is  supposed  that  chemical  actions  occur  with  air,  and  oxida- 
tion products  are  formed  ;  these  are  reduced  by  hydrogen.  The  process  is 
compared  with  the  formation  of  the  plates  in  a  Plante  cell ;  the  absorption 
of  hydrogen  corresponding  to  the  charging,  and  that  of  air  to  the  discharging 
of  the  cell.  Attempts  to  produce  the  same  effects  by  chemical  treatment 
were  partially  successful,  particularly  in  fatiguing  the  bulb  so  that  no  further 
absorption  took  place.  The  conditions  under  which  the  primary  and 
secondary  hydrogen  spectra  appear  are  also  described.  Authors. 


ELECTRICAL   PROPERTIES   AND   INSTRUMENTS. 

800.  Lighi'Sensitiveness  of  Selenium  Crystals.  K.  J.  Dieterich.  (Phys. 
Rev.  7.  pp.  551-660,  May,  1916.) — Selenium  crystals  of  the  hexagonal,  acicular, 
and  monoclinic  lamellar  types  were  illuminated  in  a  direction  perpendicular 
to  the  long  axis,  and  a  current  was  passed  through  them  at  right  angles  to 
the  light  by  means  of  Pt-electrodes  pressed  against  them  by  a  weight.  It 
was  found  that  the  resistance  decreases  with  increase  of  temperature,  with  a 
small  increase  in  some  cases  between  0°  and  60°  C.  The  theory  now  adopted 
is  the  ionisation  theory  [see  Abs.  209  (1914),  902  (1916)].  It  is  found  that  the 
coefficient  of  recombination  decreases  with  increase  of  temperature  in  much 
the  same  manner  as  it  does  in  gases. 

Over  a  wide  range  of  temperature  the  rate  of  initial  recovery  is  propor- 
tional to  the  conductivity  in  the  light  The  sensitiveness  to  light  does  not 
vary  greatly  with  temperature,  though  a  maximum  is  indicated  between  80^ 
and  50°  C.  E.  E.  F. 

810.  Mutual'  and  Self-induction  of  Circular  Coils.  S.  Butterworth. 
(Phil.  Mag.  81.  pp.  276-286,  April,  1916.) — Expressions  are  obtained  for  the 
mutual  induction  of  coaxial  circular  coils  and  for  the  self-induction  of  sole- 
noids. The  formulas  are  given  in  the  form  of  infinite  series,  and  apply  to 
the  case  in  which  the  circles  are  close  together.  Formulae  previously  given 
hold  for  the  case  in  which  the  circles  are  far  apart.     [See  Abs.  914  (1916).] 

A.  J.  M. 

811.  Mutual  Induction  of  Eccentric  Coils.  S.  Butterworth.  (PhiL  Mag. 
81.  pp.  448-454,  May,  1916.) — In  certain  types  of  variable  inductances,  one 
coil  moves  so  that  its  plane  remains  parallel  to,  and  at  a  constant  distance 
from,  the  plane  of  a  fixed  coil.  This  leads  to  the  problem  of  determining  the 
mutual  induction  of  two  circular  coils  in  parallel  planes,  the  coils  not  being 
coaxial.  Formulae  are  given  for  such  coils,  the  results  being  worked  out  in 
tables  for  some  special  cases.  A.  J.  M. 

812.  Electrical  Capacity  of  Gold4eaf  Electroscopes.  T.  Barratt.  (Phys. 
Soc.,  Proc.  28.  pp.  162-170 ;  Disc,  170-171,  April,  1916.)— A  gold-leaf  electro- 
scope is  frequently  used  to  compare  exceedingly  small  ionisation  currents. 
For  this  purpose  it  is  much  more  sensitive  than  a  quadrant  electrometer.  If 
the  ca]>acity  of  the  electroscope  is  known,  then  the  absolute  value  in  amps, 
of  the  ionisation  current  can  be  deduced.  A  method  is  described  for 
measuring  the  capacity  of  a  gold-leaf  electroscope,  the  method  depending 
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on  sharing  the  charge  of  a  parallel-plate  air  condenser  of  measurable  capacity 
as  many  times  as  necessary,  and  deducing  the  capacity  of  the  electroscope 
from  the  observed  drop  of  potential.  The  method  gives  consistent  results 
when  the  experimental  conditions  are  widely  varied.  The  amount  of  deflection 
of  the  leaf  appears  to  have  little  influence  on  the  result  Author. 

813.  Specific  Resistance  and  Optical  Constants  of  Thin  Metal  Layers,  B. 
Pogiiny.  (Ann.  d.  Physik,  49.  5.  pp.  681-668,  April  11,  1916.)— The  metals 
used  in  the  research  here  described  were  Pt,  Pd,  Au,  and  Ag,  in  layers  whose 
thickness  varied  from  1  to  100  /*/*.  The  specific  conductivity,  the  refractive 
index  (n),  and  the  absorption  index  (k)  were  determined  as  functions  of  the 
thickness  of  the  layer.  The  respective  curves,  which  express  these  quantities 
as  functions  of  the  thickness,  are  of  the  same  type  for  each  of  the  metals 
dealt  with.  The  variation  of  n  and  k  with  the  thickness  is  seen  to  be  a 
parallel  phenomenon  with  the  rapid  variation  of  the  specific  conductivity. 
Planck  has  determined  the  values  of  n  and  k  for  thin  copper  layers  as  func- 
tions of  the  thickness,  and  his  curves  are  of  the  same  type  as  those  here 
given.  The  latter  part  of  the  paper  contains  a  discussion  of  the  results  in  the 
light  of  the  dispersion  theory.  A.  W. 

814.  Resonance  Method  for  the  Determination  of  the  Dielectric  Constants  of 
Conducting  Dielectrics,  also  for  the  Measurement  of  the  Phase  Factors  of  Rheostat 
Resistances,  F.  Tank.  (Phys.  Zeits.  17.  pp.  114-117,  April  1, 1916.)— Based 
on  the  property  that  the  resonance  of  a  parallel  installed  self-inductance  and 
capacity  can  be  made  independent  of  a  parallel  resistance,  and  with  the  aid 
of  Sumpner's  electrodynamometer  as  a  resonance  recording  instrument 
[see  Abs.  286  (1916)] ,  a  method  has  been  devised  for  measuring  the  capacities 
of  condensers  with  conducting  dielectrics.  The  sensitiveness  is  at  least  equal 
to  that  obtained  by  the  Nernst  method.  The  process  also  admits  of  measur- 
ing the  capacity  of  self -inductances,  and  for  the  determination  of  the  phase 
factors  of  rheostat  resistances.    Very  full  details  are  given  in  the  paper. 

H.  H.  Ho. 

815.  Propagation  of  Electricity  through  Paraffin  Oil.  G.  G.  de  Ville- 
mont^e.  (Journ.  de  Physique,  4.  pp.  770-786,  Dec,  1914.  Paper  read 
before  the  Soc.  fran^.  de  Physique.) — The  present  investigation  is  a  continu- 
ation of  previous  work  [Abs.  1444,  1445  (1914)]  on  the  propagation  of 
electricity  through  liquids  which  are  poor  conductors,  the  special  subject 
here  being  paraffin  oil  of  density  0*876  at  24°  C.  The  liquid  was  placed 
between  two  brass  cylinders  so  arranged  as  to  be  concentric.  The  external 
wall  was  charged  in  various  ways,  viz.  by  Gouy  elements,  Daniell  cells,  and 
accumulators.  A  zero  method  was  employed  to  measure  the  amounts  of 
electricity  which  pass  through  to  the  inner  wall.  The  first  part  deals  with 
charges  of  long  duration,  when  the  potential  is  maintained  constant  between 
the  two  armatures.  The  variations  of  the  ratio  pfVt  have  been  studied,  where 
P  is  the  weight,  /  the  time,  and  V  the  potential,  and  curves  are  given  showing 
these  variations  as  a  function  of  the  time.  When  the  curve  has  for  coordi- 
nates logf  /  and  log,  pfVi  it  is  found  to  consist  of  a  rectilinear  part  followed 
by  an  inflected  curve  and  then  another  rectilinear  portion  of  slight  inclination. 
For  the  rectilinear  portion,  pfVt  =  ^/-*,  where  e  is  the  logarithmic  base  and 
a  and  6  are  constants.  The  law  of  the  variation  of  the  ratio  ppji  is  indepen- 
dent  of  the  condenser  dimensions.    The  author  has  confirmed  a  previous  law 
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of  e.m.f  .*s,  viz.  "  The  quantities  of  electricity  disengaged  at  the  internal  wall 
of  the  condenser  after  equal  charging  intervals  are  proportional  to  the  p.d.'s, 
i.e,  to  the  e.m.f.'s."  A  comparison  is  made  between  the  observed  facts  with 
parafEn  oil  and  results  obtained  with  solid  dielectrics.  The  only  differences 
are  in  the  speed  of  the  variations.  The  law  has  been  found  true  when 
the  external  plate  is  maintained  at  a  constant  potential  and  the  internal 
one  insulated. 

The  second  part  of  the  paper  deals  with  charges  of  very  short  duration, 
and  with  phenomena  occurring  at  the  initiation  of  the  charges.  The  total 
charges  disengaged  on  the  internal  plate  by  charges  of  short  duration  on  the 
external,  and  also  those  disengaged  on  the  internal  plate  during  the  charging 
intervals  on  the  external,  are  investigated.  A  sudden  charging  of  the  external 
plate  produces  a  sudden  charge  on  the  internal,  and  this  charge  is  followed 
by  a  slow  electrical  development  during  the  fractions  of  a  second  following 
the  instantaneous  charge. 

The  third  part  deals  with  the  relationship  between  the  charges  of  the 
external  and  internal  walls,  while  the  fourth  part  considers  the  influence  of 
the  thickness  of  the  dielectric,  during  charges  of  extremely  short  duration, 
and  also  during  extended  intervals.  The  author  finds  that  the  ratio  of 
the  charges  on  the  inner  plates  of  two  condensers  varies  in  the  same  sense 
with  the  duration  of  charge  on  the  external  plate.  In  conclusion,  the 
author  states  that  the  laws  of  the  propagation  of  electricity  through  paraffin 
oil  are  the  same  as  those  established  by  Curie  for  electrical  propagation 
through  crystalline  bodies.  The  paper  abounds  in  experimental  data 
accompanied  by  suitable  illustrations.  H.  H.  Ho. 

816.  Thermal  £.Af.F.'s  and  Resistances  of  Bad  Conductors,  A.  Weissen- 
berger.  (Ann.  d.  Phy^k,  49.  6.  pp.  481-680,  April  11,  1916.  Dissertation, 
Freiburg.)— -The  e.mi.'s  and  resistances  of  Nernst  and  Auer  rods,  quartz, 
glass,  magnesia,  and  certain  silicates  have  been  measured  by  the  author. 
The  Nernst  and  Auer  rods  give  values  of  the  same  order,  but  the  former 
shows  a  decrease  in  e.m.f .  towards  lower  temperatures,  while  the  latter  shows 
an  increase.  On  account  of  the  high  e.mi.  of  the  Nernst  rod  the  Peltier- 
effect  could  be  observed  optically.  The  other  substances  also  gave  high 
e.m.f.'s.  The  experiments  indicate  that  the  conduction  in  Nernst  and  Auer 
rods  is  essentially  metallic.  The  behaviour  of  glass  is  more  complex  and 
gives  indications  of  being  partly  metallic  and  partly  eiectrol3rtic.  The  e.m.f. 
of  the  Auer  rods  follows  a  formula  due  to  Baedeker,  but  that  of  the  Nernst 
rods  does  not.  In  the  theoretical  part  of  the  paper  the  author  discusses  the 
bearing  of  these  results  on  the  electron  theory.  I.  W. 

817.  Variation  of  Manganin  Resistances  with  Atmospheric  Humidity.  J. 
Obata.  (Math.  Phys.  Soc.  T6ky6,  Proc.  8.  pp.  894-400,  March,  1916.)— Over 
a  period  of  18  months  the  variations  of  11  manganin  re^stance  standards 
were  observed.  Standards  of  low  denomination  varied  in  a  manner  similar 
to  that  observed  by  Rosa  and  Babcock,  while  those  of  higher  denomination 
decreased  considerably  in  summer.  The  cause  of  this  is  believed  to  be  the 
leakage  due  to  condensed  moisture.  The  seasonal  variation  of  the  coil  was, 
in  both  cases,  far  smaller  than  that  observed  at  Washington.  The  constancy 
of  sealed  resistances  is  satisfactory  even  in  the  very  damp  atmosphere  of 
Japan.  F.  E.  S. 
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ALTERNATING  CURRENTS   AND   MAGNETISM. 

818.  Change  of  Length  in  Nickel  Wires  due  to  Transverse  Magnetic  Fields. 
W.  Brown.  (Roy.  Dublin  Soc.,  Proc.  16.  pp.  121-124,  May,  1916.)— Experi- 
meats  were  made  with  soft  nickel  wire  by  subjecting  it  to  the  influence  of 
transverse  magnetic  fields  both  direct  and  alternating.  These  fields  were  pro- 
duced in  a  gap  formed  of  soft-iron  tube  by  means  of  five  insulated  copper  wires 
inside  the  tube,  the  return  wires  of  the  curcuit  being  200  cm.  distant  The 
strength  of  the  magnetic  field  in  the  gap  was  proportional  to  the  total  current 
through  the  wires.  The  tube  with  the  wires  inside  was  fixed  vertically 
against  a  wall  and  the  Ni-wire  under  test  was  suspended  in  the  middle  of  the 
gap  from  a  separate  support  The  length  of  the  tube  was  215  cm.,  and  that  of 
the  Ni  wire  225  cm.  The  load  on  the  wire  was  applied  by  means  of  a  brass 
cylinder  1*2  cm.  in  diameter.  The  Ni-wire  was  0169  cm.  in  diam.,  its  rigidity 
708  X  10*  gm./cm.»  and  the  load  attached  was  equivalent  to  2  x  10*  gm./cm.». 
The  wire  was  subjected  to  direct  transverse  magnetic  fields  up  to  a  max. 
value  of  1000  units  and  to  alternating  transverse  magnetic  fields  of  max.  value 
200  units.  The  following  conclusions  were  obtained  from  the  results  : 
(1)  For  both  direct  and  alternating  transverse  magnetic  fields  a  nickel  wire 
expands  to  a  maximum,  and  then  diminishes  gradually  for  high  fields.  (2) 
The  max.  expansion  for  both  direct  and  alternating  transverse  fields  takes 
place  in  the  same  field-strength  of  about  50  units.  ]•  I-  S. 

819.  Subsidence  of  Torsional  Oscillations  of  Nickel  and  Iron  Wires  in 
Transverse  Magnetic  Fields.  W.  Brown.  (Roy.  Dublin  Soc.,  Proc.  15. 
pp.  99-106,  April,  and  pp.  125-186,  May,  1916.)— The  transverse  magnetic  fields 
were  produced  in  a  soft-iron  tube  as  already  described  [preceding  Abs.]. 
The  apparatus  was  similar  to  that  previously  used,  and  the  first  wire  tested 
was  a  No.  16  soft  Ni-wire  of  simple  rigidity  about  708  x  10*  gm./cm.'. 
Observations  on  the  subsidence  of  torsional  oscillations  were  taken  for  many 
values  of  transverse  magnetic  field  up  to  a  maximum  of  800  cg.s.  units,  both 
direct  and  alternating  of  frequency  50  per  sec,  and  the  shape  of  the  subsi- 
dence curves  was  obtained  in  various  cases  by  plotting  the  number  of 
vibrations  as  abscissae  and  as  ordinates  the  corresponding  value  of  the 
amplitude  of  oscillations.  From  the  results  obtained  it  appears  that  with  a 
soft  Ni-wire  both  the  direct  and  alternating  magnetic  fields  increase  the 
damping  of  torsional  oscillation.  The  amplitude  of  the  70th  oscillation  is 
decreased  by  about  14  %  by  the  application  of  a  direct  transverse  magnetic 
field  of  strength  800  units,  and  by  about  22  %  by  an  alternating  transverse 
field  of  the  same  strength  and  of  frequency  50  per  sec.  It  was  found  that 
when  magnetic  fields  (of  250  units)  at  different  frequencies  are  applied  the 
damping  of  the  torsional  oscillations  is  decreased  as  the  frequency  is 
increased.  For  a  frequency  of  200  per  sec.  the  application  of  the  field  pro- 
duced an  increase  of  amplitude  of  the  70th  oscillation  of  about  4  %.  When 
the  frequency  was  increased  8  times  the  amplitude  was  increased  about  28  %. 
When  a  hard  wire  was  used  instead  of  the  soft  wire  the  application  of  the 
alternating  transverse  magnetic  field  of  800  units  and  frequency  50  caused  a 
decrease  of  the  amplitude  of  about  80  %,  as  compared  with  22  %  for  the  soft 
wire.  The  rigidity  of  the  hard  wire  was  about  810  x  W  gm./cm.».  When 
tested  in  fields  of  varjring  frequency,  and  strength  250  units,  the  damping  of 
the  torsional  oscillations  in  the  case  of  the  hard  wire  is  decreased,  but  not  so 
much  as  in  the  case  of  the  soft  wire.    With  frequency  25  the  damping  was 
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decreased  nearly  0  %  as  compared  with  nearly  16  %  for  the  soft  wire.  On 
increasing  the  frequency  of  the  field  8  times  the  damping  of  the  oscillations 
decreases  6  %  for  the  hard  wire  and  28  %  for  the  soft  wire.  A  No.  16  iron 
wire  of  rigidity  780  X  10*  gm./cm.'  was  put  through  the  same  series  of  tests  as 
the  nidcel  wires.  The  damping  of  the  oscillations  was  slightly  increased  by 
the  application  of  a  direct  transverse  magnetic  field  of  1200  units,  and  an 
alternating  field  produced  a  decrease  of  ampHtude  of  about  the  same  amount 
as  in  the  case  of  the  soft  Ni-wire.  With  iron  wire  tested  at  different  fre- 
quencies of  field  the  behaviour  is  different  from  that  of  nickel :  the  damping 
of  the  torsional  oscillations  is  slightly  increased  as  the  frequency  is  increased. 
The  application  of  transverse  magnetic  fields,  direct  and  alternating,  to  a 
comparatively  short  iron  wire  has  a  marked  effect.  The  70th  oscillation  is 
decreased  by  about  86  %  by  a  direct  field  of  strength  800  units.  On  apply- 
ing  alternating  fields  of  strength  1250  units  and  of  four  different  frequencies 
to  the  short  iron  wire  it  was  found  that  increase  of  frequency  caused  increase 
of  damping  of  the  torsional  oscillations.  The  amplitude  of  the  70th  oscilla- 
tion is  decreased  by  nearly  18  %  when  the  frequency  of  the  field  is  increased 
8  times,  and  the  amplitude  is  decreased  nearly  80  %  in  a  field  of  strength 
260  and  of  frequency  200  per  sec.  J.  J.  S. 

820.  Magnetic  Particles  and  Rotating  Particles,  A.  Korn.  (Phys.  Zeits. 
17.  pp.  112-114,  April  1, 1916.) — The  old  assumption  that  magnetic  particles 
possess  a  mechanical  rotation  about  the  magnetic  axis  has  won  considerable 
probability  from  recent  experiments.  Earlier  there  was  only  the  argument 
that  the  magnetic  and  rotation  axes  of  the  earth  were  near  together,  and  the 
phenomenon  of  the  electromagnetic  rotation  of  the  plane  of  polarised 
light  to  support  the  above  view.  The  recent  work  of  Einstein  and  Haas 
shows  that  by  the  periodic  demagnetisation  of  a  magnetisable  bar,  an 
actual  periodic  mechanical  rotation  moment  comes  into  existence,  while 
Barnett^s  experiments  prove  that  magnetisable  bars  may  be  magnetised  when 
rapidly  rotated.  If  Ampere's  theory  be  applied,  an  unsymmetrical  behaviour 
of  the  positive  and  negative  electric  particles  must  be  assumed,  and  many 
physicists  hold  the  view  that  the  positive  particles  are  at  rest  in  the  molecular 
stream  while  the  negative  execute  a  circular  movement  about  the  positive 
nucleus.  Other  views  are  also  discussed.  The  present  author  here  continues 
work  begun  in  1898,  upon  the  connection  between  magnetism  and  mechanical 
rotation.  According  to  his  view,  at  every  point  of  an  electromagnetic  field 
there  are  velocities  of  the  analytical  form  u  =  f/o  +  f/i  cos  29r//T  -f-  tit  sin  2ir//T 
and  similar  expressions  for  v  and  w ;  where  T  represents  a  small  period  com- 
pared with  the  vibration  period  of  the  light  of  the  visible  spectrum,  t/o,  vo,  uv» 
denote  these  visible  velocities,  ui,  vu  wi  are  proportional  to  Xi,  Yi,  Z  and 
ut,  vt,  wt  to  L,  M,  N"  in  Hertz's  nomenclature.  If,  now,  gravitating  particles 
be  regarded  as  pulsating  particles,  i.e.  as  particles  which  periodically  change 
their  volume,  then  it  is  apparent  that  a  gravitating  particle  can  have  no 
constant  rotation  velocity,  but  must  possess  instead  a  periodic  rotation 
velocity,  since  its  moment  of  inertia  about  the  axis  of  rotation  periodically 
changes  in  consequence  of  the  pulsation.  The  author  then  shows  that  a 
rotating  particle  must  become  a  magnetic  particle  owing  to  its  pulsation. 

H.  H.  Ho. 

821.  Land  Magnetic  Observations,  1911-1918.  L.  A.  Bauer  and  J.  A. 
Fleming.  (Carnegie  Inst,  of  Washington,  Publ.  No.  176  [Dept  of 
Terrest  Magnetism,  vol.  ii.,  278.  pp.]  1915.)— The  first  portion   of   this 
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publication  contains,  in  continuation  of  the  previous  volume  of  researches 
[see  Abs.  1787  (1918)]  and,  in  a  similar  manner,  the  results  of  all  magnetic 
observations  made  on  land  by  the  Department  of  Terrestrial  Magnetism 
from  Jan.  1911  to  the  end  of  1918.  New  magnetic  instruments  of  light  and 
portable  tjrpes  are  described,  which  were  designed,  constructed,  and  used 
for  the  field  operations  subsequent  to  the  work  reported  on  in  the  first 
volume.  These  new  instruments  include  two  universal-magnetometer  de- 
signs, viz.  a  combined  magnetometer  and  dip  circle,  and  a  combined  mag- 
netometer and  earth  inductor  [Abs.  1620  (1914)].  The  results  of  the 
extensive  intercomparisons  of  instruments  at  Washington,  and  in  all  parts  of 
the  world,  are  given  in  detail  for  each  insbument. 

In  the  second  portion  are  given  reports  on  some  special  researches ;  these 
latter  have  already  been  dealt  with  separately.  L.  H.  W. 

822.  Magnetic  Observations  during  Solar  Eclipse,  Aug,  21,  1914.  D.  L. 
Hazard.  (Terrest  Magn.  21.  pp.  9-14,  March,  1916.)— Observations  of  the 
magnetic  elements  are  given  from  the  records  of  five  stations  of  the 
United  States  Coast  and  Geodetic  Survey  during  the  day  of  solar  ecKpse, 
Aug.  21, 1914.  C.  P.  B. 

823.  Magnetic  Survey  of  Egypt  and  the  Sudan.  H.  E.  Hurat..  (Survey 
Dept.  of  Egypt,  Paper  No.  88.  Nature,  97.  p.  229,  May  11, 1916.  Abstract.)— 
Results  are  given  of  field  observations  made  by  the  author  and  C.  B. 
Middleton  between  Oct.  1908  and  Jan.  1914,  with  references  also  to  the 
observations  by  H.  G.  Lyons  between  1898  and  1901,  and  the  Austrian 
work  of  Rossler  in  the  Red  Sea  between  1896  and  1898  in  the  survey  ship 
Pola,  Details  are  given  of  magnetic  declination,  inclinatiop,  and  horizontal 
force,  all  the  results  being  reduced  to  the  epoch  Jan.  1, 1910.  A  nqtable 
feature  is  the  conformity  of  the  lines  of  equal  dip  with  the  parallels  of 
latitude  between  42°  N.  and  16°  a  The  magnetic  equator  crosses  the  Nile 
about  lat.  11°  N.    Local  disturbances  were  small.  C.  P.  B. 
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d24.  Action  of  Sulphuric  Add  on  Alloy  Steels*,  L*  Aitchison.  (Chem.  Soc, 
Trans.  109.  pp.  288-298,  March,  1916.)— Up  to  the  present  little  or  nothing 
has  been  done  to  correlate  the  corrosion  of  steels  with  their  constitutions 
although  it  seems  fairly  obvious  than  any  satisfactory  explanation  of  corrosion 
must  be  based  upon  constitution.  In  order  to  study  this  question  the  author 
has  adopted  the  method  of  treating  various  alloy  steels  with  cold  10% 
sulphuric  acid  for  a  limited  time  and  subsequently  analysing  the  resulting 
solutions.    It  can  then  be  observed  whether  the  caribides  are  attacked  or  not. 

Vanadium  steels  show  the  utmost  regularity  in  their  behaviour.  Up  to  about 
5*4%,  the  V  is  entirely  absorbed  in  the  carbides  and  none  of  it  passes  into 
solution  in  the  acid.  Beyond  this  percentage  some  of  the  element  exists  in 
the  solid  solution  atid  as  the  vanadium  content  increases,  increasing  amounts 
are  dissolved  by  the  acid.  As  in  Mo  steels,  the  carbide  appears  to  be  immune 
from  attack  and  only  the  solid  solution  is  dissolved  by  sulphuric  acid. 
Tungsten  steel  gives  similar  results,  the  saturation  point  being  11*5%  W. 
Similar  results  were  obtained  with  Co  steels  in  which  none  of  the  carbon 
had  been  precipitated  as  graphite  during  the  heat  treatment  of  the  samples. 
In  Cr  steels,  the  Cr  exists  in  both  the  solid  solution  and  the  carbide,  but 
the  results  show  that  the  carbide  is  attacked  only  very  slightly  indeed. 
In  Mo  steels  of  low  cart>on-content  there  is  little  or  no  action  in  the  carbides, 
and  in  those  of  higher  carbon-content  there  is  a  definite  attack.  It  now 
becomes  reasonably  certain  that  the  majority  of  the  carbides  in  alloy  steels 
are  not  susceptible  to  the  attack  of  dilute  sulphuric  acid  and  therefore  they 
are  not  likely  to  be  attacked  by  such  milder  corrosive  agents  as  tap-water 
and  brine.  In  all  probability  these  alloy  carbides  have  a  much  greater 
chemical  stability  than  that  possessed  by  pure  carbide  of  iron.  The  con- 
sideration of  the  production  c^  a  rustless  iron  alloy  is  narrowed  down  to  the 
consideration  of  the  solid  solution.  If  the  action  of  corrosion  is  galvanic, 
then  the  carbides  must  be  acting  as  kathodes  While  the  solid  solutions  are  the 
anodes.  Since  the  carbides  are  likely  to  be  of  very  similar  electrical 
potential  the  action  will  depend  very  largely  on  the  potential  of  the  solid 
solutions,  and  the  lower  these  can  be  made,  the  less  the  corrosion. 

F.  C.  A.  H.  L. 

8M.  Research  on  the  Corrosion  Resistance  of  Copper  Steel,  •  D.  M.  Buck 
and  J.  O.  Handy.  (Ind.  and  Eng.  Chem.,  ].  8.  p.  209,  March,  1916.  Am. 
Soc.  Mech.  Eng;,  ].  88.  jp,  846,  April,  1916.  Abstract)— Experiments  have 
been  carried  oat  with  the  object  of  obtaining  definite  information  on  the 
effects  of  varying  percentages  of  copper  upon  the  corrosion  resistance  of  iron 
and  steel.  Tbe  results  show  that  the  addition  of  small  quantities  of  copper 
to  iron  and  steel  greatly  increases  the  resistance  to  atmo^heric  corrosion. 
The  influence  of  copper  becomes  apparent  when  the  content  attains  a  value 
of  0*08  %.  Its  effect  is  almost  at  a  maximum  when  the  content  reaches 
0^  %,  although  the  best  results  on  commercial  steels  are  attained  with 
a  content  of  0*25  %.  The  presence  of  sulphur  in  the  metal,  or  of  oxides  of 
sulphur  in  the  atmosphere,  increases  the  rate  of  corrosion  very  rapidly,  but 
these  deleterious  effects  are  entirely  counteracted  by  the  preaence  of  copper 
inthested.  F.C.A.H.  L. 
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826.  The  Transformations  of  Pure  Iron.  (Faraday  Soc.,  Trans.  11.  pp.  125- 
150,  April,  1916.  Discussion.) — This  consists  of  an  Address  by  R.  Hadfield, 
and  tlie  following  contributed  papers :  "  Transformations  of  Pure  Iron/*  by 
A.  E.  Oxley ;  "  Allotropy  of  Iron/'  liy  P.  C.  Thompson.  Then  follows 
a  general  discussion,  in  which  Oxley's  proposed  new  definition  of  allotropy 
is  somewhat  sererely  criticised.  The  original  papers  should  be  referred  to 
by  those  interested  in  the  subject.  L.  H.  W 

827.  The  Corrosion  of  Metals,  Ferrous  and  Non^errous.  (Faraday  Soc., 
Trans.  11.  pp.  186-281,  April,  1016.  Discussion.)— Consists  of  an  Address  by  R. 
Hadfield,  and  the  following  contributed  papers :  "  Physical  and  Mechanical 
Factors  in  Corrosion/'  by  C.  H.  Desch ;  **  Relative  Corrodibilities  of  Iron  and 
Steel/'  by  J.  N.  Friend  ;  *'  Influence  of  Composition  upon  the  Corrosion  of 
Steel,"  by  L.  Aitchison  ;  "  Note  on  Corrosion  of  Iron  and  Steel,"  by  S. 
Why tc ;  "  Zinc-Copper-Couple  Hypothesis  of  Brass  Corrosion/'  by  A. 
Philip;  "Corrosion  of  a  Solid  Solution— 70/80  Brass,"  by  W.  £.  Gibbs. 
Then  follows  the  general  discussion  and  an  account  of  a  demonstration  of 
the  Cumberland  electrolytic  process  for  prevention  of  corrosion.      L.  H.  W 

828.  Suggestion  concerning  ike  Statement  of  the  Phase  Rule.  T.  W« 
Richards.  (Am.  Chem.  Soc.,  J.  88.  pp.  1)88-980,  May,  1916.)— The  most 
serious  difficulty  of  the  Phase  Rule  for  beginners  lies  in  the  definition  of 
*'  component."  While  most  definitions  to  hand  are  entirely  legitimate,  they 
may  lead  to  different  choices  as  to  the  number  of  components  in  specisd 
cases.  No  attempt  is  made  in  the  paper  to  give  all  the  varying  definitions  or 
explain  the  limitations  which  must  be  imposed  upon  them,  but  a  different 
method  of  treatment  is  advocated  which  may  perhaps  be  more  generally 
acceptable  to  chemists.  Instead  of  stating  the  Phase  Rule  in  a  very  simple 
equation,  and  placing  all  the  burden  of  incomprehensibility  upon  the  com- 
ponent, this  method  abandons  the  complex  older  idea  of  the  component  and 
substitutes  another,  that  of  the  chemical  individual  or  constitutent  which  is 
defined  as  follows  :  The  individuals  of  any  reacting  system  are  the  separate 
chemical  substances,  undeoomposed  in  the  reactions  concerned,  which  are 
necessary  to  construct  the  system.  The  number  of  such  individuals  to  be 
chosen  is  the  smallest  number  necessary  to  construct  the  system. 

On  this  definition  the  Phase  Rule  iriay  be  expressed  without  any  need 
of  reference  to  the  number  of  **  components "  as  usually  defined,  as  : 
Fs=  («rf  +  »«)  —  («^  —  fir),  where  F  =  the  actual  variance,  or  the  number  of 
degrees  of  freedom  in  the  special  case ;  n^  the  number  of  individuals  as 
defined  above ;  n^  the  number  of  phj^cal  manifestations  of  energy  (mechanical, 
thermal,  electrical,  etc.)  which  are  bron^t  into  play  in  the  reaction  ;  Hf  the 
number  of  phases ;  Hr  the  number  of  independent  restrictions  or  fixed  condi- 
tions which  are  determined  by  the  circumstances  of  the  case,  but  not  included 
in  the  definition  of  the  individuals.  Each  quantity  is  a  small  whole  number, 
and  the  method  of  statement  separates  sharply  the  characteristics  {nt  and  n^) 
tending  to  increase  the  variance,  from  those  (n^  and  nr)  tending  to  diminish 
the  variance.  Ordinarily  where  only  mechanical  and  thermal  energy  come 
into  play,  fi.a=2,  and  the  equation  becomes:  Fsz{ni^2)^{n^ +nr),  i.e. 
the  ordinary  statement  of  the  Phase  Rule  with  the  additioo  of  nr,  the  number 
of  restrictions,  as  a  last  term.  The  author,  opines  that  Hr  may  include  only 
two  different  chisses  of  restrictions  :  on  the  one  hand,  the  intensity-factor  of 
some  form  of  ^energy  may  be  restricted,  or  kept  constant ;  on  the  other  hand, 
one  individual  may  (either  from  chemical  necessity  or  arbitrary  fchoioe)  be 
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kept  In  definite  weight-ratio  to  some  other  individual,  or  at  definite  concen- 
tration in  a  variable  phase.  The  paper  contains  a  detailed  discussion  of 
these  suggestions  with  numerous  examples  of  iamiliar  equilibria.  A  brief 
statement  is  also  included  of  an  inductive  method  of  presenting  the  Phase 
Rul^  which  has  hitherto  not  been  published.  H.  R.  Ho. 

829.  Density  of  Aqueous  Solutions  of  Copper  Sulphate  and  Sulphuric  Acid, 
H.  D.  Holler  and  E.  L.  Pe£Fer.  (Bureau  of  Standards,  Bull.  18.  pp.  278- 
281, 1916.  Am.  Chem.  Soc.,  J.  88.  pp.  1021-1029,  May,  1910.)— The  densities 
of  copper  sulphate^sulpfauric  acid  solutions  of  varying  concentrations  have 
been  determined  at  25^  and  40^.  The  concentrations  of  the  solutions  varied 
•from  60  gm.  to  800  gm.  of  total  solute  per  kg.  of  solution.  Within  the 
range  studied  the  density  of  the  solutions  is  approximately  a  linear  f  u|iction  of 
the  concentration.  The  densities  of  solutions  of  equal- weight  (not  equivalent) 
concentrations  of  copper  sulphate  (CuSOiSHtO)  and  of  sulphuric  acid  are 
nearly  identical.  As  a  result  of  this,  the  densities  of  solutions  containing 
appreciable  amounts  of  each  component  are  dependent  principally  upon  the 
total  concentration  of  the  two  solutes,  and  are  almost  independent  of  their 
proportion.  For  example,  a  solution  containing  60  gm.  of  copper  sulphate 
and  160  gm.  of  sulphuric  acid  per  kg.  has  practically  the  same  density  (11866) 
as  has  a  solution  containing  100  gm.  of  copper  sulphate  and  100  gm.  of 
sulphuric  acid  (11860).  T.  S.  P. 

630.  Microscopic  Structure  qf  Semi-permeable  Membranes  and  the  part 
played  by  Smface  Forces  in  Osmosis,  F.  Tinker.  (Roy.  Soc.,  Proc.  92. 
pp.  867-872»  May  6, 1918.)— With  the  view  of  obtaining  some  further  insight 
into  the  mechanism  of  osmosis,  the  author  has  made  a  careful  micrpscopic 
examination  of  precipitation  films  of  copper  ferrocyanide,  copper  silicate, 
Prussian  blue,  ferric  silicate,  and  compared  them  with  a  precipitate  of  barium 
sulphate.  The  common  precipitation  semi-permeable  membranes  were 
found  to  be  composed  of  small  precipitate  particles,  the  size  of  which  ranged 
from  0*1  to  1*0^.  The  particles  were  closely  packed  together.  Each  of 
these  precipitate  particles  is,  however,  not  simple  in  structure,  but  is  an 
aggregate  formed  by  the  flocculation  of  sub-microscopic  colloidal  particles. 
The  particles  composing  the  membrane  are  smallest  in  the  case  of  copper 
ierrocyanideand  Prussian  blue.  The  precipitation  membi:ane8  resemble  the 
coHoid  gels  both  in  their  method  of  formation  and  in  the  changes  which  they 
undergo  in  various  solutions.  Like  ordinary  gels  they  are  possessed  of  great 
tensile  strength,  which  varies  in  membranes  of  difiEerent  kinds.  Their 
stability  in  the  coUoidal  condition  also  varies  greatly.    Although  showing 

.  the  physical  properties  of  gels,  they  have  not  the  same  mechanical  structure, 
the  membrane  being  much  more  closely  knit  together  than  the  gel  proper 

.  The  pores  in  a  copper  ferrocyanide  membrane  range  from  8  to  60^  in  diam., 
the,  average  diam.  being  16  to  20  fifi.  The  pore  size  is  tog  great  for  the  mem- 
brane to  act  osisotically  by  exerting  a  selective  mechanical  blocking  action. 
On  examining  the  difiEerent  membranes,  it  was  found  that  the  order  of  pore 

'  size  is  the  same  as  that  of  the  efficiency  of  the  membranes  as  semi-permeable 
membranes.  Copper  ferrocyanide  and  Prussian  blue  are  the  most  efi&cient 
as  semirpermeable  membranes,  and  they  are  also  the  membranes  with  the 
smallest  pores.  There  is  a  very  close  connection  between  the  osmotic 
properties  of  a  membrane  and  the  extent  to  which  the  membrane  capillaries 
are  under  the  control  of  surface  forces.  Osmotic  efifects  are  probably  the 
result  ol  selective  adsorption  phenomena  occurring  at  the  surface  of  the 
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membrane  and  m  the  capillaries,  the  membrane  being  relatively  imper- 
meable to  solutes  which  are  negatively  adsorbed,  but  permeable  to  solutes 
which  arc  positively  adsorbed.  A.  F. 

831.  O$mose  of  some  Solutions  of  Ekdrolytes  with  Porcelain  Membranes^  and 
the  Relation  of  Osmose  to  Membrane  Potential,  F.  E.  Bartell  and  C.  D. 
Hocker.  (Am.  Chem.  Soc.,  J.  38.  pp.  1086*1050,  May,  1916.)--Osmotic  cells 
were  constructed  using  porcelain  membranes  of  di£Ferent  degrees  of  porosity 
and  such  that  the  diameters  of  the  largest  pores  were  about  0*2/1.  WiUi 
these  cells  the  osmosis  of  solutions  of  various  ele^olytes  wsis  tested.  The 
electrolytes  used  included  :  (a)  nitrates  of  K,  NH4,  Na,  Li,  Ba^  Zn,  Ifn,  Ifg, 
Al,  and  Th,  the  concentrations  varying  from  00005  m  to  m;  (b)  0'1-w 
solutions  of  KNO,,KCl,  KBr,  KI,  KCNS,  CH,.COOK,  K,SO«,  ICCrOi,  KtPO«, 
KiFeCsNt,  KtFeCeNe ;  (d)  solutions  of  HCl  and  NaOH  varying  in  concentra- 
tion from  (yOOl  m  to  0*2  m;  {d)  0'1-m  solutions  of  K,  Li,  and  Ba  nitrates  when 
the  membranes  were  immersed  in  hydrochloric  add  or  sodium  hydroxide 
solutions  varying  in  concentration  from  00001  m  to  0*01  m •  The  osmosis  of 
these  electrolytes  was  found  to  vary  in  different  ways  with  the  concentra- 
tion, some  electrolytes  giving  positive  effects  which  increased  oontinuonsty 
with  the  concentration  of  the  electrolyte,  whilst  others  give  positive  effects 
at  low  concentrations  and  negative  effects  at  higher  concentrations,  the 
positive  osmosis  decreasing  continuously  with  increase  in  concentration  of 
the  electrolyte.  For  some  electrolytes  there  is  a  concentration  which  gives 
the  maximum  (minimum)  positive  osmosis,  higher  or  lower  concentrations 
giving  smaller  (greater)  positive  effects.  At  a  certain  concentration,  some- 
what different  for  each  salt,  all  the  nitrates  investigated,  except  ^ose  of  Ai 
and  Th,  give  an  effect  which  is  practically  zero.  Tl^  concenbration  for 
KNOi  and  NH«NOi  is  about  m  ;  for  NaNOi,  0*1  m  ;  for  UNOt,  0*06  m  ;  for 
Ba(NOi)t,  0*02  m ;  and  for  Zn,  Mn,  and  Mg  nitrates  the  concentrations  lie 
between  0*02  and  0*01  m.  The  osmosis  seems  to  be  closely  related  to  tiie 
electricsd  orientation  of  the  membrane,  and  to  the  magnitude  of  the  p.d. 
existing  between  the  solutions  bathing  the  two  faces  of  the  membrane.  In 
most  cases  the  orientation  of  the  membrane  is  that  which  would  be  expected 
from  the  difference  in  migration  velocities  of  the  ibns  without  considering 
the  membrane,  but  in  a  few  cases  the  orientation  is  the  reverse.  In  all  cases 
of  the  binary  salts  of  univalent  ions,  the  greater  the  rate  of  diffusion  of  salt 
through  the  membrane  of  the  cells  the  greater  the  positive  osmosis.  This 
rate  of  diffusion  is  always  dosely  related  to  the  magnitude  of  the  cell 
potential. 

The  experimental  facts  are  explicable  in  the  light  of  the  theory  given  in 
the  next  Abstract.    [See  Abs.  1929  (1914).]  T.  S.  P. 

SSIt.  Relation  of  Osmose  of  Solutions  of  Electrolytes  to  Membrane  Potentials. 
TheoreticaU  F.  £.  Bartell  and  C.  D.  Hocker.  (Am.  Chem.  Soc.,  J.  88. 
pp.  1029-1086,  May,  1916.)— In  the  light  of  the  following  assumptions^  the 
results  given  in  the  preceding  Abstract  can  be  expladned.  (1)  Abnormal 
osmosis— that  is,  from  the  concentrated  to  the  dilute  8olutioii-*^is  due 
primarily  to  an  dectrical  effect,  and  is  analogous  to  electric  osmosis. 
(2)  This  osmosis  is  caused  by  the  passage  of  a  charged  liquid  layer  along 
the  capillary  tubes  of  the  membrane,  the  passage  of  this  layer  being  brought 
about  by  the  driving  force  of  a  p.d.  which  acts  as  though  it  were  set  up 
between  the  two  faces  of  the  membrane.  (8)  The  charge  on  the  membrane— 
and  hence  the  charge  on  the  liquid  layer-^may  be  modified  or  the  sign  may 

VOL.  SIX— A.— 1916.  C"r\r\n\o 

Digitized  by  VjOO^IC 


CHBMICAL  PSnrSICS  Airp  BI4ECTRO-CHBMISTRY.  SOT 

be  reversed,  by  selective  adsorption  of  the  ioDS  of  electrol3^es ;  and  :Other 
ions  than  H*  and  OH'  may  materially  affect  the  charge  on  the  membrane* 
(4)  The  p.d.,  which  seems  to  act  between  the  two  faces  of  the  membranei  is 
primarily  due  to  contact  electrification,  the  magnitude  of  which  is  dependent 
upon  a  difference  of  migration  velocities  of  the  ions  in  the  membrane.  I  his 
p.d.  may,  however,  be  altered  by  other  factors,  such  as  adsorption.  (6)  Osmosii 
ia  related  to  diffusion,  since  the  diffusion  of  the  ions  seems  to  determine  to  a 
large  extent  the  polarisation  of  the  membrane.  (6)  The  extent  of  osmosis 
may  be  affected  by  the  relative  volumes  of  water  and  salt  solution  on  the  two 
faces  of  the  membrane,  inasmuch  as  this  factor  may  affect,  the  diffusion  of 
the  salt  throi^  the  membrane. 

The  membrane,  when  immersed  in  water  or  any  electrolyte  in  which 
there  is  little  tendency  for  preferential  adsorption  of  ions,  bears  a  negative 
chai^  and  the  adjacent  water  layer  a  corresponding  positive  charge* 
Kathions  are  much  more  adsorbed  than  anions^  the  negative  ions,  with  Urn 
possible  exception  of  OH'  and  a  few  polyvalent  anions,  having  little  effect 
on  the  charge  of  the  membrane.  The  alterations  of  the  charge  on  the  walls 
of  the  capillary  tubes  of  the  membrane  by  an  adsorbed  ion  will  be  greater 
the  higher  the  concentration  of  the  electrolyte.  The  potential  between  the 
two  faces  of  the  membrane  will  be  in  the  direction  required  by  Nernst's 
theory,  and  will  be  greater  the  greater  the  concentration  of  the  electrolyte, 
unless  some  effect  such  as  adsorption  interferes..  If  the  movable  water  layer 
and  the  solution  end  of  the  membrane  are  charged  with  electricity  of  opposite 
sign  the  osmosis  will  be  positive ;  if  diarged  with  the  same  sign  th&  osmosis 
will  tend  to  be  negative.  T.  a  P> 

833.  Density  and  Viscosity  of  Aqueous  Solutions  with  Special  Rrference  ic 
Nitric  Add.  H.  Viscosities.  W.  R.  Bouafield.  (Chem.  Soc.,  Trans.  107* 
pp^  1781-1797,  Dec.,  1916.)— A  new  type  of  viscometer  of  the  gravity-flow 
type  is  described,  which  is  entirely  endosed  and  operated  by  air-pressure 
or  suction.  Special  devices  are  used  to  prevent  dust  from  getting  into  the 
apparatus  and  from  clogging  the  capillary.  Eight  years'  experience  bat 
shown  that  an  accuraq^  of  1  part  in  1000  is  readily  obtainable  in  measure* 
ments  made  with  this  instrument  The  measurements  now  made  with 
aqueous  solutions  of  nitric  add  show  that  at  4^  C,  on  addition  of  add  to 
water,  the  viscosity  diminishes  continuoosfy,  whilst  at  26^  it  increases  coo- 
tinnously :  at  11^  it  increases  very  slightly  to  a  shallow  maximum,  then 
reverts  to  its  original  value,  diminishes  to  a  minimum,  and  finally  increases 
rapidly  as  at  26*^.  This  remarkable  behaviour  must  be  attributed  to  the 
abnormal  constitution  of  water  and  to  the  changes  of  constitution  produced 
by  changes  of  temperature  and  by  the  presence  of  the  solute.  When  con- 
centrated solutions  are  examined,  a  shaoi)  maximum  is  observed  at  n*9  % 
HNOi,  corresponding  with  the  definite  hydrate  HNOt;  SHiO,  followed  tf 
a  diminutioo  of  density  to  the  value  for  the  anhydrous  add.  This  may 
obviously  be  attributed  to  the  formation  of  a  definite  compound.  It  mi^ 
be  noted  that  at  11^  and  18^  CX  the  complete  curves  from  0  to  100  %  show 
two  maxima  and  one  minimum*  T.  If.  L. 

834.  Osmotic  Presmre  or  OsmoUcSuctton-'-iAichf  P.  Tinker.  (Nature, 
97*  pp.  139*189^  April  6,  1916.)— The  tendency. of  a  Uquid  to  diffuse  is 
measured  by  its  diffusion  pressure,  which  may  be  defined  as  tiie  bomfaaod- 
mest  pressure  exerted  by  the  liquid  molecules  on  either  side  of  a  plane 
of  unit  area  pJaoed  anywhere. vitlim  the  li<|nid.     By  the  ii^trodoctioi)  Qf 

yO|^  X»— A.— 191<f.  C^i^r\rAo 

'    ^  Digitized  by  VjOOQIC 


M6  ^aENCE  ABSTRACTS* 

a  solote,  the  absolute  concentration  of  a  aotvent  is  reduced,  and  the  dlffusiod 
pressure  is  reduced  in  the  same  way.  The  diffusion  pressure  of  a  solvent  in 
a  solution  is  therefore  always  less  than  that  in  the  pure  solvent  itself,  and 
the  osmotic  pressure  becomes  proportional  to  the  difference  between  th^ 
absolute  concentrations  of  the  solvent  on  the  two  sides  of  the  membrane^ 
and  therefore  also  approximately  'proportional  to  the  concentratiob  of  the 
solute,  because  the  latter  is  itself  approximately  equal  to  the  difference  in 
solvent  concentration  on  the  two  sides.  The  phenomenon  of  osmotic  flow 
is  therefore  due  to  the  residue  or  excess  of  solvent  molecules  on  the  pure- 
solvent  side.  By  withdrawal  from  the  solution  of  aU  the  solvent  molecules, 
and  an  equal  number  from  the  pure  solvent,  the  xdifference  in  solvent  con- 
centration on  the  two  sides  of  the  meml>rane  is  mainlined,  and  as  the 
concentration  of  uK^cules  is  now  small,  they  may  be  regarded  as  following 
the  gas  laws.  On  this  basis  we  find  the  osmotic  pressure  equal  to  the  ^as 
presm'e.  The  fundamental  difference  b^ween  osmotic  phenomena  in  the 
gaseous  and  solution  states  is  that  whereas  the  active  molecules  have  a 
vacuum  for  a  medium  in  the  gaseous  case,  they  have  a  liquid  solvent  for 
a  medium  in  the  solution  case.  The  other  differences  between  compressed 
gases  dtnd  conltentrated  solutions  nearly  all  proceed  from  this  fundamental 
one.  A.  F. 

835.  Vapour-Pressures  of  Saturated  Aqueous  Solutions,  M.  P.  Applebey 
and  W.  Hughes.  (Chem.  Soc,  Trans.  107.  pp.  1798-1814,  Dec.,  1915.)— 
Berkeley  and  bis  collaborators  have  called  attention  to  the  anomalous  proper- 
ties of  saturated  aqueous  solutions  of  thallium  nitrate,  in  that  whilst  the 
osmotic  pressures  of  most  strong  solutions  are  far  greater  than  the  calculated 
values  this  ^t  gives  values  which  are  actually  smaller.  This  was  deter- 
mined by  a  dynamic  measurement  of  boiling-point :  the  present  research 
wai  carried  out  by  a  static  method,  and  included  comparative  measure- 
ments of  the  vapour  pressures  of  saturated  solutions  of  sodium  nitrate 
(190°  to  128°),  sodium  sulphate  (101°  to  104°),  and  thallium  nitrate  (94°  to 
109°).  The  results  for  the  two  latter  salts  were  in  excellent  agreement  with 
those  obtained  by  Berkeley ;  the  exceptional  behaviour  of  thallium  nitrate, 
which  was  fully  confirmed,  was  proved  not  to  be  due  to  any  volatility  of  the 
salt..  The  ratio  of  osmotic  pressure  to  concentration,  instead  of  increasing 
steadily  with  the  concentration  as  in  the  other  two  cases,  reaches  a  maximum 
at  8  gm.-mois.  per  litre  and  then  diminishes.  It  is  suggested  that  this  is  due 
to  association  or  polymerisation  of  the  salt  as  water  is  withdrawn,  and  that 
this  process  may  continue  until  the  pure  fused  silt  is  left  in  a  highly  poly- 
merised or  associated  condition*  T.  M.  L. 

886.  Method  cf  Exhibiting  Velociiy  of  Iodine  Ions  in  Solution,  8.  W»  J. 
Smith.  (Phys.  Soc,  Proc.  28.  pp.  157-161,  April,  I916.)--Dilute  solutions  of 
potassium  iodide  and  potassium  chloride  of  equimolecular  concentration  have 
almost  the  same  electric  conductivity.  They  are,  dierefore,  of  interest  la 
connection'  with  the  direct  measurement  of  ionic  velocities.  The  author 
descril>es  a  simple  method  of  observing  their  common  boundary.  For  this 
purpose  a  little  mercuric  chloride  is  added  to  the  potassium  chloride  solution. 
An  eztf emefy  thin  layer  of  mercuric  iodide  then  forms  where  the  two  solu- 
tions meet.  The  method  is  particularly  convenient  for  lecture  purposes^  asd 
an  approximate  value  of  the  ionic  velocity  can  be  obtained  in  a  few  minutes.  ^ 

Examples  are  given  of  the  use  of  the  method.    The  current  is  first  paused 

in  the  direction  which  causey  the  iodine  ions  to  travel  towards  th^  chloride, 
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The  chlorine  liberated  at  the  anode  in  this  case  supplies  a  means  of  re-deter- 
mining the  velocity  of  the  ions  when,  the  current  being  reversed,  they  move 
in  the  opposite  direction.  Author. 

837.  Dissociation  of  Hydrogen  into  Atoms.  III.  Mechanism  of  the  Re- 
action, I.  Langmuir.  (Am.  Chem.  Soc.,  J.  88.  pp.  1145-1156,  June,  1916.) 
— ^The  velocity  of  the  reaction  by  which  hydrogen  is  dissociated  in  contact 
with  a  heated  tungsten  wire  [see  Abs.  1982  (1914),  787  (1915)]  is  so  enormous 
as  to  prove  definitely  that  the  reaction  cannot  depend  on  difiFusion  of  hydrogen 
into  the  metal  even  to  the  depth  of  a  single  atom.  A  general  theory  of  hetero- 
geneous chemical  reactions  is  now  outlined  in  which  the  reaction  is  assumed 
to  take  place  in  the  actual  surface  layer  of  atoms.  Development  of  this  theory 
in  the  case  of  hydrogen  leads  to  equations  which  become  identical  with  that 
previously  derived  by  other  methods  if  the  assumption  is  made  that  the 
hydrogen  evaporates  so  rapidly  from  the  surface  that  only  a  negligible  frac- 
tion of  the  surface  is  covered  at  any  time ;  it  has  ah-eady  been  shown  that 
this  equation  is  in  complete  agreement  with  the  experimental  results  (Joe,  ciL), 
The  conclusion  that  very  little  of  the  surface  is  covered  is  in  good  accord  with 
the  fact  that  the  accommodation  coefficient  of  hydrogen  is  0*19  at  tempera- 
tures below  1500°  K.,  whereas  the  "  chemical "  accommodation  coefficient  at 
for  the  dissociation  of  hydrogen  is  068  at  high  temperatures.  The  fact  that 
the  emission  of  electrons  from  heated  tungsten  is  not  affected  by  the  presence 
(A  pure  hydrogen  is  additional  evidence  that  the  fraction  of  the  surface 
covered  by  atoms  or  moleculestof  hydrogen  must  be  very  small.        T.  H.  P. 

888.  Explanation  of  the  Migration  cf  the  Ions,  S.  W.  J.  Smith.  (Phys. 
Soc,  Proc.  28.  pp.  148-166;  Disc,  166-166,  April,  1916.  Electrician, 
77.  pp.  498-499,  July  14,  1916.)— The  author's  object  is  to  show  how  a 
familiar  diagram,  appearing  in  many  text-books,  can  be  improved  in  a  way 
which  makes  it  easier  to  appreciate  what  happens  at  the  electrodes  in  the 
simpler  examples  of  Hittorf's  method  of  determining  the  migration  constant 

Author. 

839.  New  Method  of  Determining  Ionic  Velocities,  [Mrs.]  C.  H.  Griffiths. 
(Phys.  Soc,  Proc.  28.  pp.  182-146  ;  Disc,  146-147,  April,  1916.  Electrician, 
77.  pp.  82-88,  April  21,  1916.  Abstract.)— In  the  experiments  described  the 
kathode,  which  consists  of  a  horizontal  copper  disc  perforated  with  two  holes, 
is  mounted  in  a  cylindrical  glass  tube  open  at  the  lower  end.  The  whole  is 
suspended  from  the  beam  of  a  balance,  and  is  immersed  in  a  vessel  of  copper 
sulphate.  The  anode  is  a  copper  spiral  fixed  in  the  electrolyte  some  distance 
below  the  mouth  of  the  kathode  vessel.  From  the  rate  of  change  of  weig^it 
of  the  suspended  system  during  the  passage  of  a  current  the  ionic  velocities 
can  be  determined.  Author. 

840.  An  Electrochemical  Action  on  Glass,  F.  F.  S.  Bryson.  (Engineer- 
ing, 101.  pp.  617-518,  June  2, 1916.)— The  author  sealed  the  Pt-wire  (anode) 
of  a  Wehnelt  interrupter  through  the  end  of  a  glass  tube  containing  mercury. 
The  seal  was  made  by  the  Burnside  process  [see  Abs.  914b  (1918)],  various 
kinds  of  glass  servihg  as  flux.  A  crater  was  always  seen  to  form  round  the 
wire,  but  the  corrosion  was  less  marked  with  Jena  glass  than  with  British  and 
other  German  glasses.  The  glass  was  not  rendered  brittle,  nor  did  it  crack, 
though  it  was  partly  devitrified  by  the  sealing-in  process — ^for  subsequent 
annealing  did  not  mak«  any  difference.  The  corrosion  was  due  to  pitting, 
and  was  partly  electrolytic  but  not  entirely  so ;  for  the  pitting  was  al^o 
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observed  when  the  electrode  was  the  kathode.  The  high  local  temperature, 
redaction  and  oxidation  of  the  metal  and  glass  by  the  hydrogen  and  oxygen 
liberated  by  the  dissociation  of  the  watcr-vapour,  and  the  ultra-violet  radia- 
tion contribute  to  the  corrosion,  it  is  suggested.  H.  B. 

841.  Overvoltagfi.  C.  W.  Benttett  and  J.  Q.  Thompsott.  (J.  Phys. 
Chem.  20.  pp.  29&-622,  April,  1916.)— The  authors  give  a  general  discussion  of 
the  question  of  overvoltage,  and  the  various  theories  put  forward  in  connection 
with  the  same.  They  come  to  the  conclusion  that  any  chemical  reaction  which 
consists  of  more  than  one  step  cannot  be  strictly  reversible  when  electricity 
is  generated,  but  requires  more  electrical  energy  to  re-form  the  substances 
than  is  given  by  the  reverse  reaction.  The  irreversibility  gives  rise  to  over- 
voltage,  since  the  quantity  factor  is  constant.  Overvoltage  is  therefore 
defined  as  the  excess  energy  required  to  form  a  substance  over  that  given  by 
the  resolution  of  the  product  formed  to  the  original  state.  It  is  the  amount  of 
energy  by  which  one  measures  the  irreversibility  of  the  process  or  change. 
This  definition  applies  not  only  to  overvoltages  where  gas  is  deposited,  but 
also  to  cases  where  a  metal  is  deposited  at  the  kathode.  From  this  definition 
a  general  and  elaborate  theory  of  overvoltage  is  developed,  the  theory  depend- 
ing on  the  assumption  that  the  excess  of  the  back  e.mi.  of  the  system  during 
electrolysis  over  the  reversible  e.mi.of  the  system  consisting  of  the  final  pro- 
ducts is  due  to  the  accumulation  during  such  electrolysis,  of  unstable  inter- 
mediate products  above  the  equilibrium  concentration.    These  intermediate 

.  products  are  undoubtedly  active  hydrogen,  H,  active  oxygen,  O,  for  example, 
in  the  case  of  gases,  and  atomic  metal,  analogous  to  vaporised  metal  in  the 
case  of  metal  overvoltage.  Various  experiments  are  quoted  which  show  that 
these  intermediate  products  are  more  reactive  than  the  final  products,  and 
are  sufficiently  active  to  explain  the  overvoltages  found  experimentally.  Thus 
active  hydrogen,  made  by  exposing  the  gas  to  ultra-violet  light  or  by  heat- 
ing a  filament  of  Mo-wire  in  it  almost  to  the  volatilisation-point,  is  capable 
of  reducing  cadmium  sulphate  solutions  to  cadmium  and  zinc  oxide  to 
zinc.  It  is  also  shown  that  the  theory  satisfactorily  explains  the  known 
facts  of  overvoltage,  for  example,  the  effects  of  temperature,  current  density, 
etc.,  but  the  details  are  too  extensive  to  be  given  in  an  abstract.  T.  S.  P. 

842.  Depolarisaiion  by  Electric  Waves,  W.  D.  Bancroft.  Q.  Phys. 
Chem.  20.  pp.  402-406,  May,  1916.)— A  theoretical  paper  in  which  it  is  shown 
that  electric  waves  must  cause  depolarisation  if  it  is  assumed  that  electrical 
stress  cuts  down  the  adsorption  of  a  gas  by  a  solid.  This  assumption  is  a 
necessary  consequence  of  Schuster's  work  on  disruptive  discharges,  and  has 
been  shown  to  account  for  the  behaviour  of  fountains,  impinging  jets,  rolling 
drops,  and  soap-bubbles  when  electrified  slightly  [see  Abs.  491  (1916)] .  It  is 
shown,  from  the  work  of  others,  that  electric  waves  do  decrease  oi^rvoltage 
at  the  kathode  and  at  the  anode,  and  that  the  assumption  accounts  for  all  the 
facts  so  far  known.  It  is  also  pointed  out  that  measurements  of  decomposi- 
tion voltage  involving  the  use  of  an  intermittent  direct  current  are  subject  to 
an  error  which  is  perhaps  not  negligible.  T.  S.  P. 

84a  Overvoltage  and  Mcnatomk  Hydrogen.  W*  D.  Bancroft.  (J.  Phys. 
Chem.  2a  pp.  B96-401|  May,  1916.)— A  theoretical  paper,  in  which  tiie  author 
shows  that  the  theory  of  the  irrev^sible  electroljiic  decomposition  of  watar 
^ves  a  very  plausible  explanation  of  some  of  the  peculiarities  of  sodiom 
amalgam,  chromous  chloride,  and  zinc  dust  The  irreversible  decompositkm 
of  water  is  considered  to  be  due  to  the  formation  at  the  kathode  of  an  inte^- 
yoi<.  XIX.— A.— -1916.  r^  T 
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mediate  product  which  is  a  stronger  reducing  agent  than  hydrogen,  and 
which  gives  rise  to  hydrogen  relatively  slowly,  whilst  at  the  anode  a  stronger 
oxidising  agent  than  oxygen  is  formed,  which  gives  rise  to  oxygen  rela- 
tively slowly  [compare  Bennett,  Abs.  841  (1916)] .  The  intermediate  product 
formed  at  the  kathode  is  assumed  to  be  monatomic  hydrogen,  and  high  over- 
voltage,  with  corresponding  high  reducing  power,  is  due  to  monatomic 
hydrogen  being  present  in  excess  of  the  concentration  required  by  the 
equilibrium  2H^i:±Ht.  The  normal  relation  existing  between  high  over- 
voltage  and  high  reducing  power  may,  however,  be  obscia^,  or  be  made 
to  disappear  entirely  :  (1)  by  a  special  adsorption  of  the  reacting  substance 
by  the  electrode,  (2)  by  a  specific  catalytic  action  of  the  electrode  on  the 
iieactioo,  or  (8)  by  catalysis  of  the  reaction  by  the  solute.  Whilst  nascent 
hydrogen  may  be  considered  to  consist  in  paurt  of  electrically  neutral  mon* 
atomic  hydrc^en,  it  must  be  recognised  that  the  percentage  of  monatomic 
hydrogen  may  vary  enormously,  and  that  nascent  hydrogen  from  one  source 
is  not  necessarily  equivalent  to  nascent  hydrogen  from  another  source. 

T.  S.  P. 

S44.  Passive  State  of  Iron  in  Nitric  Acid.  J.  G.  Brown.  (Science,  48. 
p.  758,  May  26, 1916.  Paper  read  before  the  Pacific  Phys.  Soc.)— The  e.m.f. 
of  the  cell :  Fe  I  solution  of  HNOi  |  concentrated  HNOj  |  Pt,  has  been  mea- 
sured at  room  temperature  from  the  instant  it  was  made  until  it  reached  a 
steady  state,  using  eight  solutions  of  nitric  acid  of  densities  varying  from 
1*01  to  1*41  ;  the  iron  electrode  was  either  at  rest  or  in  motion.  Observa- 
tions were  made  with  a  low-power  microscope  of  the  changes  which  took 
place  on  and  around  the  iron.  The  results  show  that  the  ferrous  oxide  which 
forms  on  the  iron  at  the  start  in  all  acid  densities  does  not  a£Eect  the  e.mi.  of 
the  ceil,  but  the  liquid  products  do.  If  the  iron  is  kept  at  rest  in  acid  up  to 
a  density  of  117  the  e.m.f.  is  increased  by  the  presence  of  ferrous  nitrate, 
whilst  in  acids  of  greater  density  the  e.mi.  is  lowered  by  some  other  product 
which  forms  a  bright  red  liquid  film  over  the  oxidised  surface  of  the  iron. 
The  red  colour  may  be  due  to  the  formation  of  ^  unstable  compound  between 
nitric  oxide  and  ferrous  nitrate,  which  compound  determines  the  semi-passive 
state.  In  acids  of  density  greater  than  126  there  is  an  explosive  reaction 
between  the  ferrous  oxide  and  the  red  liquid,  after  which  the  iron  is  in  the 
passive  state.  There  is  no  indication  of  the  existence  of  any  kind  of  film 
after  the  passive  state  is  reached.  It  seems  probable  that  both  the  ferrous 
and  ferric  reactions  take  place  in  acids  of  all  densities,  but  in  those  of  ^eater 
density  than  1*26  the  ferrous  reaction  may  be  quenched  by  the  sudden  reac- 
tion between  the  ferrous  oxide  and  the  red  liquid,  while  the  ferric  oxide 
remains.  If  this  explanation  is  correct,  it  follows  that  iron  is  active  whenever 
the  conditions  are  such  that  ferrous  ;ons  are  formed,  but  it  is  passive  when- 
ever these  ions  are  not  formed.  T.  S.  P. 

846.  Change  cf  Potential  of  the  same  Metal  in  Different  Electrolytic  Solutions. 
P.  P.  Hammond.  (Science,  48.  pp.  767-768,  May  26, 1916.  Paper  read 
before  the  Pacific  Phys.  Soc.)— The  cells  measured  were  made  up  as  fol- 
lows :  Pt  I  ^  AgNOt  or  ^  KNO,  |  ^  solution  of  nitrate  of  another  metal  |  Pt. 

The  nitrates  used  were  those  of  Ag,  Fe(ic),  Cu,  H,  Pb,  Ni,  Co,  Fe(ous),  Cd, 
Zn,  Mg,  Ca,  Ba,  Na,  and  K.    The  single  electrode  potentials  against  the 

electrode  Ag|^  A^NOs  as  zero,  are  in  the  order  given,  the  potentials  in- 
creasing up  to  8*94  volts  for  potassium  nitrate.  T.  S.  P. 
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846.  Electrolysis  of  Nitric,  Sulphuric,  and  Orthophosphofic  Adds,  using  a 
Gold  Anode.  F.  H.  Jeffery.  (Faraday  Soc,  Trans.  11.  pp.  172-180,  April, 
1916.  Chem.  News,  112.  pp.  227-281,  Nov.  6,  1916.)— The  apparatus  used 
was  formed  of  a  Jena  beaker  of  800  cm.'  capacity,  inside  which  was  a  porous 
pot ;  the  volume  of  the  anoljrte  was  about  660  cm.»  The  anode  was  of  gold, 
whilst  the  kathode  vtras  of  Pt  and  was  placed  inside  the  porous  pot  The 
anolyte  and  katholyte  consisted  of  the  same  acid  in  each  experiment,  and  in 
various  experiments  the  strength  of  the  solutions  was  varied.  With  nitric 
acid  it  was  possible  to  obtain  a  solution  (anolyte)  from  which  auri-nitdc 
acid,  HAu(N0s)4,  8HtO,  could  be  isolated.  The  evidence  indicated  that  the 
gold  anode  dissolved  partly  in  the  tervalent  state  and  partly  in  the  univalent 
state,  but  no  complex  aurous  compound  could  be  isolated.  Deposits  of  gold 
oxide,  generally  consisting  of  mixtures  of  the  aurous  and  auric  compounds, 
were  also  obtained,  and  a  method  is  given  for  making  hydrated  auric  oxide. 
With  solutions  of  sulphuric  acid  or  orthophosphoric  acid  as  electrolyte, 
evidence  was  obtained  that  the  gold  anode  goes  into  solution  as  a  complex 
anion,  but  no  complex  salt  could  be  isolated.  Deposits  consisting  of  various 
mixtures  of  aurous  and  auric  oxide  were  obtained,  as  in  the  case  of  the  nitric 
acid  electrolyte.  T.  S.  P. 

847.  Electrolysis  of  Concentrated  Hydrochloric  Acids,  using  a  Copper  Anode, 
F.  H.  Jeffery.  (Faraday  Soc,  Trans.  11.  pp.  181-182,  April,  1916.)— The 
apparatus  used  was  similar  to  that  employed  with  gold  anodes  [see  preceding 
Abstract],  The  electrolyses  were  performed  in  an  atmosphere  of  nitrogen 
when  concentrated  hydrochloric  acid  was  the  electrolyte,  and  in  an  atmo- 
sphere of  COi  when  the  anolyte  consisted  of  a  solution  of  potassium  chloride. 
With  such  electrolytes  it  was  found  that  a  copper  anode  goes  into  solution  as 
complex  anions,  which  correspond  with  the  complex  acid  HiCuClt.  From 
the  potassium  chloride  electrolyte  crystals  were  isolated  having  a  composition 
agreeing  with  the  formula  KfCuCli.  T.  S.  P. 

848.  Transference  of  Electricity  by  Colloidal  Particles,  F.  Powis.  (Fara- 
day Soc,  Trans.  11.  pp.  160-164,  April,  1916.)— The  formula  e  =  ^irnru  \  H  has 
been  used  to  calculate  the  mean  charge  (e)  carried  by  the  particles  in  a 
colloidal  solution  (Ellis,  Zeitsch.  physikal.  Chem.  78.  p.  821, 1911).  The  author 
points  out  that  if  we  know  the  number  of  particles  present  in  unit  volume 
and  their  velocity  under  unit  potential  gradient  we  can  calculate  what 
amount  they  would  contribute  to  the  conductivity  of  the  solution  if  they 
carried  a  charge  equal  to  n  times  that  on  a  univalent  ion.  Conversely,  if  we 
knew  what  part  of  the  conductivity  was  due  to  transference  of  electricity  by 
colloidal  particles  we  could  calculate  the  mean  charge  carried  by  them. 
Using  the  experiments  of  Burton  [see  Abs.  968  (1906)]  as  a  basis,  the  value 
of  n  is  calculated  to  be  between  2  x  10*  and  8  x  10^.  These  values  are  much 
higher  than  that  (n  ss  796)  calculated  from  Stokes'  formula  as  given  above. 
In  order  to  explain  the  discrepancies  the  author  puts  forward  a  theory 
according  to  which  a  colloidal  particle  absorbs  anions  and  kathions,  Aot  so 
that  they  form  two  distinct  layers  round  it,  as  seems  to  be  generally  supposed, 
but  in  such  a  way  that  the  concentration  of  each  gradually  decreases  v^th 
increasing  distance  from  the  particle  until  it  finally  becomes  equal  to  that  in 
the  bulk  of  the  surrounding  medium.  By  means  of  this  theory  the  move- 
ment of  particles  under  the  influence  of  an  electric  field  can  be  explained,  as 
also  the  predominating  influence  which  ions  of  higher  valency  usually  exert 
Other  phenomena  are  also  capable  of  explanation.  T.  S.  P. 
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849.  The  Densitamder,  G.  A.  Shakespear.  (Engineering,  101.  p.  687, 
June  16,  1916.) — ^A  balance  beam  has  a  body  whose  density  is  required 
suspended  from  it,  but  movable,  as  in  a  steelyard,  along  its  length.  At  the 
other  end  of  the  beam  is  suspended  a  coimterpoise.  On  raising  a  vessel  of 
water  under  the  body  being  tested,  equilibrium  is  destroyed  on  account  of 
the  buoyancy  ;  but  the  equilibrium  is  restored  by  placing  a  suitable  load  on 
the  steelyard  and  sliding  it  along  to  a  place  depending  on  the  density  in 
question.  Thus  the  density  can  be  read  direct  from  the  steelyard,  if  this  be 
properly  graduated.  The  method,  while  being  handy,  is  accurate.  It  seems 
specially  useful  in  cases  where  the  density  of  blocks,  all  of  about  the  same 
amount,  has  to  be  compared.  Blow-holes,  especially,  would  be  then 
detected  quickly.  P.  E.  S. 

860.  Plastic  Flow.  E.  C.  Bingham.  (Bureau  of  Standards,  Bull.  18. 
pp.  809--858,  1916.  [Sci.  Papers  No.  278].)— After  a  consideration  of  the 
meaning  of  plastic  as  compared  with  viscous  flow,  the  author  goes  on  to 
describe  experiments  made  to  determine  the  laws  governing  the  former 
[see  Abs.  517  (1916)].  The  different  types  of  viscous  and  plastic  flow  are 
discussed  theoretically.  In  the  case  of  mixtures,  according  to  circumstances 
the  viscosities  of  the  components  may  be  additive,  the  fluidities  may  be 
additive  (a  special  case  of  this  is  the  suspension  of  solid  in  a  fluid),  or  slip- 
ping or  seepage  may  take  place  to  modify  the  character  of  the  flow.  The 
possible  separation  of  the  components  of  a  mixture  by  means  of  flow  is  also 
considered.  It  is  shown  that  in  a  suspension  of  solid  particles  in  a  liquid 
there  must  be  a  dissipation  of  energy  when  the  solid  particles  collide,  as  they 
must  collide  if  the  layers  of  the  suspension  move  over  each  other.  This 
dissipation  of  energy  follows  the  laws  of  ordinary  friction  and  not  the  laws  of 
viscosity. 

The  results  obtained  in  the  experiments  show  that  plastic  flow  can  be 

sharply  differentiated  from  viscous  flow  by  the  "  friction  "  necessary  to  start 

plastic  flow.    As  already  announced  [loc.  ciW]  for  medium  pressures  the  rate  of 

flow  is  given  by  the  formula  »=  K(P  — /),  where  P  is  the  pressure,/  is  the 
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''  friction,"  and  K  is  an  arbitrary  constant.  The  experiments  indicate  that  at 
low  pressures  seepage  takes  place  causing  a  perceptible  change  in  the  con- 
centration, and  that  at  high  pressures  there  is  slipping  which  in  certain 
circumstances  may  cause  a  sudden  increase  in  the  rate  of  flow.  The  fluidity 
becomes  zero  at  the  concentration  where  the  plastic  flow  begins,  that  is, 
where  the  friction  begins  to  have  a  positive  value.  This  concentration  where 
the  particles  are  able  to  form  a  bridge  across  the  capillary  space,  is  reached 
long  before  the  concentration  corresponds  to  close  packing  of  the  solid 
particles.  For  very  fine-grained  materials  the  range  between  the  concentra- 
tion giving  zero  fluidity,  and  the  concentration  corresponding  to  close  packing 
will  be  much  greater  than  in  coarse-grained  material.  The  meaning  of  the 
term  "  mobility "  in  the  case  of  suspensions  is  discussed,  and  formulae  are 
developed  for  its  determination.  The  mobility  decreases  ivery  rapidly  from 
its  max.  value  in  the  concentration  which  has  zero  fluidity  to  a  value  not  far 
from  zero  in  the  mixture  which  corresponds  to  close  packing  of  the  solid 
particles.  The  mobility  increases  with  the  fluidity  of  the  medium,  but  it 
is  also  greaUy  a£Eected  by  the  presence  of  alkalies  or  acids.  }.  W.  T.  W. 

861.  Graphical  Integration  of  Differential  Equations  of  Higher  Orders. 
A.  Schwaiger.  (Archiv  f.  Elektrot.  4.  pp.  269-278,  1916.)— The  method 
given  is  illustrated  by  means  of  equations  of  the  second  order.  The 
equation  A.d^yldj^  -^  B  .dy/dx  •{•C,y=s<^'{x)  is  put  into  the  form 
dyldx  =  m/A,  where  u  =  ^(ji;)  ^B.y  —  Cfy.dx.    The  process  of  integration 


is  shown  in  the  Fig.  herewith  ;  the  function  <p{x)  is  given  as  a  curve,  and  it  is 
assumed  that  ^  =  0  when  x=iO,  Lengths  A  and  1/C  are  marked  off  •  on  the 
axis  of  abscissae  as  shown  and  the  line  B  .>  is  drawn.  A  trial  value  of  u  is 
taken,  say  i/i',  and  laid  o£E  on  the  ^-axis  as  OUi' ;  A  is  joined  to  Ui'.  Then 
the  slope  of  AUi'  equals  wi'/A  and  gives  the  slope  of  the  integrated  curve 
in  the  first  interval  OV,  To  check  the  value  assumed  for  ui  the  middle 
point  nti  of  this  part  of  the  curve  is  taken  and  the  value  of  B  .^  corresponding 

to  its  ordinate  is  found,  viz.  bi  (see  Fig.).    The  value  of  C 
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the  area  of  the  triangle  shown  with  a  shaded  contour,  it  is  equal  to 
C  X  ^^  X  x\,  where  y^  represents  the  ordinate  of  the  point  w/.    If  CCi'  be 

made  equal  to  y^^  then  d{  \y^^^x{  \\\C,  and  d{ ^Q .y^x{ ^Qydx. 

The  value  of  ^(;r)  at  the  middle  of  this  interval  is  a,  and  we  should  have 
a\  —  61'  —  d\  =s  «i' ;  if  this  is  not  so  a  nearer  trial  value  can  be  chosen  and  the 
process  repeated  until  a  good  agreement  is  reached.  The  process  can  be 
repeated  for  successive  intervals  until  sufficient  of  the  curve  has  been 
delineated.  In  an  example  the  method  is  applied  to  determine  the  current 
curve  in  a  circuit  to  which  a  sine-shaped  e.m.f.  is  applied,  the  self-induction 
of  the  circuit  is  assumed  to  vary  with  the  current  according  to  a  law 
expressed  as  a  graph.  The  process  is  specially  suited  for  application  to  such 
cases  as  this,  for  which  exact  mathematical  solutions  are  not  obtainable. 
The  time  taken  is  not  very  great,  and  an  error  not  exceeding  5  %  should  be 
obtained  when  the  work  is  done  with  care.  F.  T.  C. 

862.  Siul  under  Biaxial  Loading.  A.  J.  Becker.  (Univ.  of  Illinois, 
Bull.  No.  85.  [66  pp.],  April  10,  1916.)— Describes  an  investigation  to 
determine  the  laws  governing  the  strength  and  stifiFness  of  mild  steel  when 
subjected  to  the  combined  stress  produced  by  two  tensions  at  right  angles  to 
each  other,  or  a  compression  combined  with  a  tension.  Throughout  the 
investigation  the  ratio  between  the  two  stresses  was  kept  constant  for  each 
specimen,  and  Johnson's  tangent  method  (described  in  the  paper)  for 
determining  the  yield-point  was  selected.  The  specimens  were  drawn  steel 
tul>es  of  uniform  size  and  thickness.  These  were  subjected  to  an  axial  load 
and  also  to  internal  hydraulic  pressure.  By  means  of  a  portable  Berry 
strain-gauge  readings  were  obtained  giving  the  distribution  of  stress  on  each 
of  several  cross-sections,  the  use  of  a  portable  gauge  rendering  it  possible  to 
take  measurements  on  a  large  number  of  gauge-lines  for  each  increment  of 
load,  thus  obviating  to  a  large  extent  the  efiEect  of  local  variations.  In  an 
early  section  of  the  paper  the  six  theories  hitherto  advanced  to  cover  the 
problems  of  the  strength  of  materials  under  combined  stresses  are  described. 
From  the  first  (St.  Venanf  s,  or  maximum  strain)  theory,  it  results  that  a 
material  subjected  to  two  tensions  or  two  compressions  at  right  angles  is 
increased  in  strength,  while  a  tension  combined  with  a  compression  lowers 
the  strength.  According  to  the  maximum  shear  theory  (Guesfs  law), 
however,  all  failures  are  failures  by  yielding  due  to  shear  when  the  shearing 
unit  stress  reaeches  the  shearing  yield-point  stress. 

The  results  obtained  in  the  experiments  show  that  with  increasing  values 
of  the  ratio  of  the  biaxial  stresses  the  yield-point  strength  follows  the  max. 
strain  theory  until  the  value  of  the  shearing  stress  reaches  the  shearing 
yield-point,  then  the  shearing  stress  controls  according  to  a  max.  shear  theory. 
There  are  thus  two  independent  laws  governing  the  strength  of  ductile 
materials  under  biaxial  loading,  and  hence  a  knowledge  of  the  ratio,  for  simple 
stresses,  of  the  shearing  yield-point  stress  to  the  tensile  yield-point  stress  is 
important.  The  experiments  show,  further,  that  the  stiffness  also  follows  the 
requirements  of  the  mathematical  theory  of  elasticity  for  all  stress  ratios,  but 
the  values  of  Poisson's  ratio  and  the  modulus  of  elasticity  may  be  different  in 
the  two  directions,  with  and  across  the  rolling  and  drawing  of  the  steel.  The 
paper  is  followed  by  a  bibliography  and  a  mathematical  appendix  giving  a 
brief  outline  of  the  theory  of  elasticity.  J.  W.  T.  W. 
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853.  The  Basis  of  the  General  Theory  of  Relativity,  A.  Einstein.  (Ann. 
d.  Physik,  49.  7.  pp.  769-822,  May  11,  1916.)— This  paper  contains  a  most 
comprehensive  account  of  the  general  theory  of  relativity  as  distinct  from  the 
special  theory.  In  the  introduction,  reference  is  made  to  the  form  given  to 
the  special  theory  by  Minkowski,  whereby  the  later  generalisation  was 
facilitated.  The  provision  of  the  necessary  mathematics  was  due  to  the 
labours  of  Gauss,  Riemann,  Christoffel,  v.  Ricci  and  Levi-Civita,  and  the 
present  author  has  collected  in  Section  B  of  the  paper  all  that  is  requisite  for 
the  proper  understanding  of  the  various  propositions  described. 

The  subject-matter  is  dealt  with  in  four  main  divisions.  Section  A,  subdivided 
into  four  parts,  considers  the  principal  reasons  for  the  postulation  of  relativity, 
and  commences  with  a  description  of  the  special  theory  of  relativity.  Follow- 
ing this  comes  an  investigation  of  the  effect  entailed  by  an  extension  of  the 
postulates  of  relativity.  The  space-time  coordinates  are  next  treated,  together 
with  the  necessity  for  the  general  covariance  of  the  equations  express- 
ing universal  natural  laws.  In  the  fourth  sub-section  the  relationship  of 
the  four  coordinates  expressing  space  and  time  measurements  is  dealt  with, 
and  an  analytical  expression  given  for  the  gravitation  field.  Section  B  con- 
tains a  risumi  of  the  mathematics  essential  for  the  statement  of  the  general 
covariant  equations.  The  root  idea  of  this  general  covariant  theory  is  as 
follows:  Certain  quantities  called  tensors  are  defined  with  respect  to  any 
system  of  coordinates  by  a  number  of  space  functions  which  are  termed  the 
components  of  the  tensor.  Certain  rules  then  exist  whereby  these  com- 
ponents can  be  calculated  for  a  new  system  of  coordinates  when  the  neces- 
sary transformations  linking  the  two  systems  are  known.  Tensors  are  further 
qualified  by  the  fact  that  the  transformation  equations  for  their  components 
are  linear  and  homogeneous.  Accordingly  components  which  disappear  in 
one  system,  do  so  in  a  new  S3rstem.  When  a  natural  law  is  formulated  by 
making  zero  all  the  components  of  a  tensor,  then  it  is  universally  covariant. 
An  investigation  into  the  principles  regulating  the  formation  of  tensors, 
therefore,  will  provide  the  means  for  the  establishment  of  general  covariant 
laws.  These  vectors  and  tensors  receive  full  and  detailed  treatment  in  this 
particular  section  ;  following  which  comes  the  equation  of  the  geodetic  line. 
The  formation  of  tensors  by  di£Ferentiation  is  shown.,  and  a  special  sub-section 
is  devoted  to  the  Kiemann-Christoffel  tensor.  Section  C  deals  with  the  theory 
of  the  gravitation  field.  Firstly,  the  equation  of  motion  of  a  material  point  is 
established,  and  an  expression  obtained  for  the  field  components  of  gravita- 
tion. Secondly,  the  field  equations  are  derived  when  the  matter  is  assumed 
absent,  the  latter  term  including  not  only  matter  in  the  u^hal  sense  but 
everything  other  than  the  gravitation  field,  such  as  the  electromagnetic  field. 
Thirdly,  the  Hamiltonian  function  for  the  gravitation  field  is  dealt  with,  and 
an  impulse-energy  proposition  obtained.  Fourthly,  a  general  mode  for 
expressing  the  gravitational  field  equations  is  considered.  Fifthly,  the 
impulse-energy  proposition  for  matter  is  shown  to  be  a  consequence  of  the 
field  equations.  Section  D  considers  material  processes  such  as  are  dealt 
with  in  hydrodynamics.  Maxwell's  electrodynamics,  etc.  Here  it  is  shown 
that  these  processes  fit  into  the  general  theory  of  relativity,  which  latter  then 
gives  the  exact  influence  of  the  gravitation-field  upon  them.  The  first  sub- 
section deals  with  £uler"s  equations  for  f rictionless  and  adiabatic  liquids,  then 
follows  Maxwell's  electromagnetic  field  equations  for  a  vacuum,  and  finally 
the  author  considers  the  behaviour  of  scales  and  clocks  in  the  statical  gravita- 
tion, together  with  the  refraction  of  light  rays  and  the  motion  of  planetary 
orbits.  On  the  physical  nature  of  matter  in  the  narrower  sense,  definite 
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assumptions  must  not  necessarily  be  introduced,  and  the  question  remains 
open  as  to  whether  the  theory  of  the  electromagnetic  field  together  with  that 
of  gravitation  furnishes  a  sufi&cient  basis  for  the  theory  of  matter  or  not. 
While  the  theory  of  relativity  has  nothing  in  itself  to  teach  on  these  points, 
yet  its  development  may  show  whether  the  combination  of  the  above  two 
theories  can  give  an  explanation  to  the  problems  which  the  electromagnetic 
theory  has  failed  to  do.  H.  H.  Ho. 

864.  The  Kinematical  Basis  for  Physical  Waves  of  Simple  Vibration  Type,  I. 
K.  Uller.  (Phys.  Zeits.  17.  pp.  168-172,  May  1,  1916.)— The  author  here 
undertakes  a  mathematical  investigation  into  the  kinematics  of  simple  waves. 
Section  1  of  the  paper  deals  with  the  state  of  vibration  in  the  field  and  more 
particularly  with  the  case  of  spiral  rotation.  Section  2  tieats  of  the  state  of 
vibration  in  the  wave  itself.  Section  8  discusses  the  case  where  the  wave- 
equation  fails.  In  Section  4  some  special  examples  are  considered,  viz.  elastic 
waves  in  an  isotropic  solid,  and  electromagnetic  waves  in  an  isotropic  body. 
It  was  found  that  in  the  case  of  the  electrical  vibrations  possible  at  the  surface 
of  an  axially  symmetrical  body,  those  waves  proceeding  from  the  conductor 
are  by  no  means  reversible  and  are  compound  in  character.  H.  H.  Ho. 

856.  Wave-patterns  due  to  a  Travelling  Disturbance,  H.  Lamb.  (Phil. 
Mag.  81.  pp.  689-548,  June,  1916.)— In  the  present  paper  the  same  procedure 
as  in  a  former  communication  [see  Abs.  518  (1916)]  is  adapted  to  the  case  of 
propagation  in  two  dimensions,  as  when  a  pressure-point  advances  over  the 
surface  of  water.  The  method  itself  depends  ultimately  on  integrals  of  the 
type  /F{2)^lf{z)dz  taken  round  suitable  contours,  where  the  functions  F(z), 
f{z)  are  usually  algebraic,  and/(2)  has  one  or  more  simple  roots  of  the  form 
K  +  i/i,  where  K  is  positive  and  /ii>  which  depends  on  an  assumed  frictional 
coefficient,  is  in  the  end  taken  to  be  infinitesimal.  It  is  assumed  for  simplicity 
of  statement  that,  generally,  there  is  only  one  root  of  f{z)  of  the  above  tjrpe. 
Various  cases  are  considered,  and  although  nothing  very  novel  is  claimed  for 
the  results,  yet  the  author  hopes  that  the  generalised  treatment  given  in  the 
paper  of  a  somewhat  intricate  problem  may  be  acceptable.  H.  H.  Ho. 

866.  Bohfs  Atom  Model  M.  Wolfke.  (Phys.  Zeits.  17.  pp.  198-200, 
May  15,  1916.) — The  author  has  previously  shown  that  the  application  of 
Bohr's  radiation  theory  to  the  Debye  hydrogen  molecule  leads  to  the  Balmer 
series  [see  Abs.  561  (1916)].  The  expression  for  the  Balmer  constant  is 
2ir*«*iff//r',  when  derived  from  Bohr's  atom  model  [see  Abs.  15  (1914)],  but 
under  the  above  assumption  becomes  2'2ji'^mlh\  where  e  is  the  charge  and 
m  the  mass  of  the  electron,  while  h  is  the  Planck  energy-quantum.  It  is  of 
great  importance  to  find  which  of  these  two  expressions  best  represents  the 
latest  experimental  data,  and  in  the  present  paper  the  author  endeavours  to 
find  a  solution.  Since  Bohr's  radiation  hypothesis  is  derived  from  the 
quanta  theory,  the  relationship  between  the  energy  quantum  and  the  electrical 
element  must  not  be  disregarded,  that  is,  h  and  e  must  be  considered  as  inter- 
dependent. From  this  standpoint,  together  with  the  experimental  data  avail- 
able, the  author  concludes  that  the  Bohr  expression  for  the  Balmer  constant 
is  correct  The  author  explains  his  previous  contrary  result  as  a  consequence 
of  not  taking  into  account  the  connection  between  h  and  e.  H.  H.  Ho. 

867.  On  the  Brownian  Movement),  in  Gases,  [Miss]  A.  Snethlage.  (K. 
Akad.  Amsterdam,  Proc,  18.  pp.  1480-1484,  1916.)— Among  the  different 
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derivations  of  the  deviation  which  a  particle  suspended  in  a  gas  or  liquid 
obtains  in  a  time  /,  there  is  one  of  v.  Smoluchowski  [see  Abs.  1818  (1906)],  in 
which  only  kinetic  considerations  are  made  use  of.  According  to  v.  Smolu- 
chowski this  derivation  will  only  hold  for  gases,  and  that  only  when  the 
dimensions  of  the  particle  are  small  with  respect  to  the  mean  free  path  of  the 
surrounding  molecules.  There  is  still  something  wanting  in  the  accuracy  of 
this  calculation,  for  among  other  things  equal  velocities  are  assigned  to  all  the 
molecules.  The  present  author,  using  a  somewhat  di£Ferent  course,  derives 
an  expression  for  the  mean  deviation  which  only  differs  from  the  above- 
mentioned  one  in  numerical  coefficient,  but  in  which  Maxwell's  distribution 
of  velocity  is  taken  into  account.  Another  calculation  not  made  on  purely 
kinetic  considerations  led  to  the  same  expression.  H.  H.  Ho. 

858.  Speed  of  Circular  and  Helical  Vortices.  A.  Lauth.  (Ann.  d.  Physik, 
49.  6.  pp.  671-682,  May  5,  1916.)~Following  the  work  of  Kelvin  and  the 
recent  (1914)  more  elementary  method  of  A.  Gray  (without  elliptic  integrals) 
the  author  here  derives  in  an  elementary  way  the  speed  of  circular  and 
helical  vortices.  E.  H.  B. 

869.  Growth  of  Crystals  under  External  Pressure.  S.  Taber.  (Am.  J. 
Sci.  41.  pp.  582-556,  June,  1916.)— Many  experiments  on  the  growth  of 
crystals  under  different  conditions  have  been  carried  out,  some  of  the 
principal  results  and  the  conclusions  derived  from  them  being  as  follows : — 
When  two  crystals,  similarly  placed  in  a  saturated  solution,  are  subjected  to 
unequal  pressures,  the  system  is  in  unstable  equilibrium.  Thus,  a  solution 
may  become  supersaturated  with  respect  to  a  crystal  placed  under  a  relatively 
low  pressure,  while  at  the  same  time  it  tends  to  dissolve  a  crystal  under  a 
greater  pressure;  this  probably  explains  why  Bruhns  and  Mecklenburg 
(1918)  failed  to  get  the  results  obtained  by  Becker  and  Day  (1905).  These 
results  are  confirmed  by  the  author,  who  finds  that  under  certain  conditions 
the  growth  of  crystals  may  be  accompanied  by  the  development  of  a  linear 
force.  Whenever  a  measurable  lifting  of  a  weight  took  place,  it  was  found 
at  the  close  of  the  experiment  that  the  crystal  had  a  terraced  cavity  or  hollow 
on  its  under  side,  even  when  the  initial  faces  of  the  crystal  were  plane. 
Moreover,  measurements  show  that  the  distances  through  which  weights 
are  lifted  by  growing  crystals  are  always  the  same  as  the  amounts  by  which 
their  hollows  are  deepened. 

Experiments  with  weighted  and  unweighted  crystals  prove :  (1)  that  a 
growing  crystal  resting  on  a  smooth  surface  can  raise  itself,  and  even  a  con- 
siderable additional  load,  by  building  downwards  the  advancing  outward 
edge  of  the  crystal ;  (2)  that  no  material  is  deposited  on  the  under  side  of  the 
crystal  except  along  the  advancing  outer  edge ;  and  (8)  that  the  cavities  are 
not  formed  by  solution,  but  are  due  to  the  downward  growth  of  the  outer 
edge,  while  at  the  same  time  no  material  is  being  deposited  on  the  under 
surface  within  its  outer  edge.  All  the  results  obtained  support  the  theory 
that  a  crystal  grows  only  through  the  addition  of  layers  of  material  from 
without ;  when  crystals  grow  in  contact  with  glass  surfaces,  a  thin  layer  or 
film  of  solution  always  exists  between  the  crystal  and  the  glass,  the  presence 
of  this  film  being  due  to  capillary  attraction  and  adsorption.  The  area  of 
contact  between  a  crystal  and  the  supporting  surface  is  under  greater 
pressure  than  the  rest  of  the  crystal,  and  since  the  solubility  of  most  sub- 
stances in  aqueous  solutions  increases  with  the  pressure,  the  supporting 
surface  has  a  greater  solubility  than  the  other  parts  of  the  crystal.  The 
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degree  of  concentration  necessary  for  growth  is,  therefore,  greater  at  the 
base  than  elsewhere,  and  increases  with  any  increase  in  the  weight  supported 
per  unit  area  of  the  sup>porting  surface.  Adsorption  may  help  in  some  slight 
degree  to  increase  the  concentration  of  the  layer  of  solution  in  contact  with 
the  bottom  of  the  dish,  but  it  cannot  be  the  direct  cause  of  the  upward 
pressure  developed  by  crystals,  since  otherwise  the  presence  of  unweighted 
<:r3rstals  in  the  same  dish  with  weighted  crystals  would  not  prevent  the 
upward  growth  of  the  latter ;  this  conclusion  is  supported  by  the  absence 
of  appreciable  hollows  on  the  upper  surface  of  crystals  grown  under  heavy 
weights  or  even  under  glass  plates  weighing  only  0*17  gm. 

The  application  of  these  results  to  geological  phenomena  is  discussed. 

T.  H.  P. 

800.  Newtonian  Constant  of  Gravitation  as  affected  by  Temperature.  P.  E. 
Shaw.  (Roy.  Soc,  Phil.  Trans.  216.  pp.  849-892,  May  27, 1916.)— This  paper 
deals  with  the  possible  existence  of  a  temperature  coefficient  in  the  law  of 
gravitation  and  gives  an  account  of  experiments  made  to  discover  this 
coefficient.  The  apparatus  used  is  of  the  Cavendish  torsion-balance  type, 
and  the  range  of  temperatures  was  from  16°  to  260°  C.  The  investigation  has 
*  -extended  over  a  number  of  years  and  was  carried  out  in  a  vault  of  the  physics 
department  of  University  College,  Nottingham.  It  yields  evidence  for  a 
positive  temperature  e£Eect  of  gravitation  and  measures  its  value. 

The  accumulation  of  negative  results  in  the  experimental  study  of  gravita- 
tion is  remarkable.  In  consequence  of  the  indifference  of  the  gravitative 
force  to  changes  of  conditions  (other  than  those  given  by  the  simple  law 
/=  GMiff  (d*),  none  of  the  many  theories  of  gravitation  so  far  propounded 
has  recdved  general  acceptance  for  lack  of  data  wherewith  to  test  them. 
Some  recent  theories  which  consider  the  possibility  of  temperature  effect  are 
the  following:  N.  Morazov  (1908)  advanced  a  wave  theory  in  which  the 
attraction  of  masses  would  vary  with  temperature.  G.  Mie  (1918)  gave  a 
theory  of  matter  which  includes  among  its  corollaries  a  temperature 
coefficient  erf  10-**  per  1  deg.  C.  to  the  so-called  Newtonian  constant  N. 
Bolu*  (1918),  in  a  paper  on  the  constitution  of  the  atom,  assumed  that  gravita- 
tion like  radio-activity  is  unaffected  by  all  physical  and  chemical  agencies. 

Previous  determinations  of  the  Newtonian  constant  have  been  made  at 
ordinary  temperatures  only,  special  care  being  taken  to  maintain  uniformity 
in  temperature  throughout  the  apparatus  used ;  otherwise  convection  in  the 
air  or  strains  in  the  movable  system  might  produce  grave  errors.  This  is 
shown  repeatedly  in  the  well-known  researches  by  C.  V.  Boys  and  by  J.  H. 
Poynting.  The  necessity  of  providing  a  steady  temperature  about  the  delicate 
parts  of  the  apparatus  has  previously  been  considered  an  insuperable  bar  to 
any  direct  experiment  to  discover  a  temperature  effect  for  G.  Yet  indirect 
investigations  have  been  made.  Poynting  and  Phillips  (1906)  counterpoised 
a  mass  of  208  gm.  on  a  balance  and  varied  its  temperature  between  100°  and 
— 1860  C.  They  came  to  the  conclusion  that  the  resulting  change  in  weight, 
if  any,  was  less  than  10-«  per  1  deg.  C.  for  the  range  100°  C.  to  (f  C,  and  10"" 
per  1  deg.  C.  for  the  range  0°  to  — 186°  C. 

Another  balance  experiment  on  change  in  weight  with  temperature  by 
Southerns  (1906)  led  to  a  somewhat  similar  result 

In  looking  for  a  method  to  continue  and  extend  these  researches  it  is 
-observed  that  a  weight  of,  say,  1  gm.  can  be  determined  on  a  balance  to  10^ 
under  favourable  conditions,  whereas  in  a  gravitation  apparatus,  like  that  of 
C  V.  Boys,  the  attraction  of  one  mass  on  another  cannot  be  found  with 

VOL.  XIX.— A.^1916. 

Digitized  by  VjOOQ IC 


320  SCIENCE  ABSTRACTS. 

greater  accuracy  than  10-*  at  the  utmost.  Thus,  apart  from  other  reasons,  it 
would  be  futile  on  the  latter  type  of  apparatus  to  look  for  a  temperature  e£Eect, 
between  100°  C.  and  — 186°  C,  on  the  small  mass,  m,  since  the  above  negative 
results  have  established  the  case  with  the  greatest  possible  accuracy.  But,  in 
these  balance  experiments  of  Po3mting  and  Phillips,  the  large  mass  M  (in 
their  case  the  earth)  was  unchanged  in  temperature.  Now  M  is  incomparably 
larger  than  m  and  might  have  a  preponderating  influence,  whereby  change  of 
its  temperature  alone  would  a£Eect  the  mutual  attraction.  In  the  work  referred 
to,  Poynting  and  Phillips  suggested  (though  without  any  a  priori  grounds)  the 
feasibility  of  some  such  expression  as  the  following : — 

/=°['  +  ''^^]'?' w 

where  K  is  a  temperature  coefficient  and  /,  t!  are  increments  in 
temperatures  of  M  and  m.  When  M/m  is  very  great,  this  reduces  to 
/=sG  (l  +  K/)(Mw/d^...(2),  so  that,  on  the  above  supposition,  the  mutual 
attraction  would  be  influenced  by  change  in  temperature  of  the  large 
mass  only. 

Admitting  the  possibility  involved  in  (2),  weight  experiments  must  be ' 
abandoned  in  the  endeavour  to  detect  a  temperature  e£Eect  in  gravitation  and 
an  apparatus  adopted,  having  both  masses  (M  and  m)  under  control  as  regards 
temperature. 

It  is  supposed  by  some  that  Kepler's  third  law  establishes  the  constancy 
of  G.  But  the  present  author  has  tried  to  show  [Abs.  1628  (1915)]  that 
this  is.  false,  and  that  the  common  practice  of  obtaining  the  masses  and 
densities  of  heavenly  bodies  (sun,  earth,  planets,  etc)  by  assuming  the 
invariability  of  G  is  at  fault  It  was  there  held  that  in  such  a  view  Kepler's 
laws  are  strained  beyond  their  legitimate  use. 

A  survey  of  previous  researches  on  gravitation  is  then  given  and  affords 
some  slight  information  as  to  temperature  e£Eect :  five  cases  are  noticed. 

In  this  connection  it  may  be  noticed  that  there  are  three  classes  of  work, 
the  results  from  which  should  be  distinguished.  (1)  Change  in  temperature 
of  both  M  and  m  (indirectly  by  Bo}^,  Baily,  v.  Sterneck) ;  (2)  Change  in  tem- 
perature of  M  only  {indirectly  by  Mendenhall,  directly  in  the  present  research) ; 
(8)  Change  in  temperature  of  m  only  (directly  by  Poynting  and  Phillips). 

In  the  present  research  a  number  of  early  experiments  were  made  in  a 
variety  of  ways.  Finally,  a  form  was  adopted  closely  resembling  the  Caven- 
dish experiment  of  Boys.  That  is  to  say,  the  small  masses,  m,  m,  were  hung 
at  different  heights  inside  an  exhausted  chamber  and  were  attracted  by  the 
large  masses  M,  M,  hung  at  corresponding  heights,  but  outside  the  chamber. 
The  small  masseo.were  of  silver,  the  large  ones  of  lead.  The  latter  were 
electrically  heated,  their  temperatures  being  read  by  mercury  thermometers. 
The  zero  positions  of  the  small  suspended  system  were  deduced  by  noting  the 
turning  points  as  read  by  a  distant  telescope  and  scale.  Thus,  the  relative 
gravitative  effects  with  the  large  masses  cold  and  hot  are  found  by  observing 
the  shift  in  each  case  on  rotating  the  large  masses  from  the  one  attracting 
position  to  the  other. 

Elaborate  precautions  were  taken  to  avoid  various  disturbances  or  spurious 
effects.  Those  dealt  with  are  electrostatic,  magnetic  convection,  radiometer 
pressure,  occluded  gases,  damping,  radiation  pressure,  conduction  of  heat  and 
displacements  of  apparatus.  Taking  all  circumstances  into  consideration,  a 
pressure  of  14  mm.  was  held  to  be  most  satisfactory  and  was  adopted  in  many 
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of  the  later  experiments.  The  results  of  the  experiments  with  the  final  form 
of  apparatus  are  summarised  in  the  table.  From  this  it  is  deduced,  for  the 
given  temperature  range  of  the  larger  masses  (of  about  47  kg.  each)  if  a  linear 
relation  be  assumed,  that  /=  G  (1  +  «^)  Mw/d*,  where  a  is  a  temperature 
coefi&cient  of  value  (+ 1-20  ±0-06)  x  10^  per  1  deg.  C. 

Table  Summarising  Chief  Results. 


Shift  at 
160C. 

Greatest  Rise 
of  Tempera- 
ture. 

Shift  at 
Highest 
Tempera- 
ture. 

(Effect  for  1  deg.  C.) 

XlOS. 

Comments. 

67-60 

160°  C. 

67-70 

+  M 

J  Small  chains  and  cylinders 
( Pressure  O'OOl  mm. 

201-9 

186 

202-6 

+  1-6 

209-2 

200 

209-6 

+  0-9 

(silver  Balls 

200-8 

186 

201-6 

+  0-9 

r  Pressure  2  mm. 

200-8 

180 

201-86 

+  1-4 

200-8 

160 

201-86 

+  1-8 

(  Silver  Balls 
}  Pressure  4  mm. 

200-86 

160 

201-25 

+  l-2<— 

Silver  Balls  and 

200-8 

160 

201-2 

+  1-8 

Pressure  14  mm. 

196-8 

140 

196-5 

+  0-8 

for  this  and  all  the  rest 

198-46 

180 

198-96 

+  1-8 

198-26 

180 

198-9 

+  1-6 

175-46 

190 

176-75 

+  0-9 

176-46 
176-66 

210 
220 

178-75 
176-16 

+  0-9 
+  1-6 

< — Demagnetise 
Silver  Balls 

176-6 

200 

176-95 

+  1-8 

199-6 

200 

199-7 

+  0-6 

201-26 

210 

201-66 

+  10 

19076 
186-7 

280 
160 

191-2 
186-2 

+  11 

+  1-7 

<— Rotate  M,  M  by  180° 

E.  H.  B. 


861.  Gravitation  and  Temperature.  J.  L[armor].  (Nature,  97.  p.  821, 
June  16,  1916.) — As  the  outcome  of  a  very  delicate  systematic  series  of 
experiments,  it  is  announced  by  P.  E.  Shaw  [see  preceding  Abs.]  that 
when  one  large  mass  attracts  a  small  one  the  gravitative  force  between  them 
increases  by  about  1/600  as  temperature  of  the  large  mass  rises  from,  say, 
15°  C.  to  215°  C. ;  that  is,  it  increases  by  about  1-2x10-*  of  itself  per  1  deg. 
Centigrade.  This  seems  to  be  a  very  startling  result,  at  any  rate  if  tempera- 
ture is  merely  the  expression  of  internal  molecular  motions,  as,  indeed,  the 
experimenter  seemed  to  admit. 

By  Newton's  principle  gravitation  between  masses  must  act  reciprocally  : 
the  result,  therefore,  means  that  the  astronomical  mass  of  a  body  must 
increase  with  temperature  by  1-2  x  10-*  of   itself  per  1  deg.  Centigrade. 

The  pendulum  experiments  of  Bessel  and  recent  determinations  by  E5tvos 
seem  to  establish  proportionality  t>etween  gravitational  mass  and  mass  of 
inertia,  irrespective  of  temperature,  well  beyond  these  limits.  Thus  inertia 
also  would  have  to  increase  with  temperature ;  and  when  a  freely  moving 
mass  is  becoming  warmer  its  velocity  must  be  diminishing,  for  its  momentum 
must  be  conserved.  A  comet  like  Halle/s  is  heated  upon  approach  to  the 
sun :  thus  it  should  suffer  retardation  in  the  approaching,  and  acceleration 
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in  the  receding,  part  of   the  orbit,  enough,  probably,  to  upset  existing 
astronomical  verifications. 

Electrodjmamic  theory  does  establish  unequivocally  an  increase  of 
inertia  of  a  body  arising  from  gain  (SE)  of  thermal  or  electric  energy  ;  but 
this  is  only  of  amount  SE/c*,  where  c  is  the  velocity  of  radiation,  and  so  is 
minute  beyond  detection.  The  question  whether  there  is  also  an  equivalent 
increase  in  gravitational  mass  evades  discussion  until  some  link  connecting 
gravitative  and  electric  forces  has  been  established.  E.  H.  B. 

862.  The  Kata  Thermometer  as  a  Measure  of  the  Effect  of  Atmospheric 
Conditions  upon  Bodily  Comfort,  C.  £.  A.  Winslovr.  (Science,  48. 
pp.  716-719,  May  19,  1916.) — ^The  readings  of  an  ordinary  thermometer 
afford  a  po6r  indication  of  the  degree  of  comfort  felt  by  the  average 
individual,  who  in  addition  to  feeling  the  effects  of  temperature  is  also 
sensitive  to  air  movements.  To  obtain  a  more  satisfactory  measure  of 
comfort  L.  Hill  devised  the  kata-thermometer  outfit,  which  consists  of  two 
thermometers  with  large  bulbs  and  stems  graduated  from  86®  to  110°  F.,  one 
to  be  read  as  a  dry-  and  the  other  as  a  wet-bulb  thermometer.  The  bulbs  are 
heated  to  about  110°  F.,  and  then,  while  they  are  freely  exposed,  the  time 
taken  to  fall  from  100°  to  90°  is  noted.  The  author  has  taken  three  series  of 
readings  with  the  apparatus  under  different  circumstances.  At  the  same  time 
a  band  of  observers  estimated  the  degree  of  comfort  of  the  conditions  on  an 
arbitrary  scale  of  1  to  5,  in  which  8  represented  ideal  conditions  and 
1  and  5  extremes  of  cold  and  warmth  respectively.  The  comparative 
instrumental  and  personal  results  are  set  out  in  tables  and  on  a  diagram. 
As  a  result  it  seems  clear  that  the  instrument  is  of  great  value  in  measuring 
the  actual  influence  of  air  conditions  upon  the  body,  and  is  greatly  superior 
to  the  ordinary  thermometer  for  this  purpose.  The  curves  show  that  con- 
ditions of  maximum  comfort  are  represented  by  falling  times  from  100°  to  90^ 
of  45-60  seconds  for  the  wet  bulb  and  150-180  seconds  for  the  dry  bulb. 

J.  8.  Di. 

863.  Causes  of  Volcanism.  £.  Belot.  (Comptes  Rendus,  162.  pp.  689-641, 
April  25,  I916.)--Premising  that  it  is  generally  admitted  that  volcanism  is 
a  phenomenon  dependent  on  fractures  usually  localised  in  the  neighbourhood 
of  coast  lines  [Abs.  589  (1915)],  an  experiment  is  described  to  illustrate  a 
suggested  method  of  accounting  for  the  forces  exhibited.  The  principle 
involved  is  that  in  the  expansion  of  water-vapour  in  deep-seated  layers  the 
escaping  vapour  will  follow  the  isothermal  surfaces,  which  in  the  neighbour- 
hood of  coast  lines  will  generally  be  inclined  upwards  towards  the  shore. 
The  depth  of  origin  will  vary,  but  at  15  km.  it  is  considered  that  the  pressure 
and  temperature  may  be  near  the  critical  temperature  of  water  (864°),  and  the 
melting-point  of  lava  (1100°)  would  be  attained  some  80  km.  lower.  When 
these  matrices  tend  to  escape  they  will  follow  the  isothermal  layers,  which 
gradually  approach  the  suriface  as  the  depth  of  water  diminishes,  until  the 
point  of  weakness  is  localised  and  the  eruption  of  water-vapour  and  lava  takes 
place,  C.  P.  B. 

864.  Transmission  of  Terrestrial  Radiation.  F.  W.  Very.  (Am.  J.  Sci. 
41.  pp.  518-521,  June,  1916.)— Of  the  outward  radiation  which  leaves  the 
surface  of  the  earth,  one  part  will  be  absorbed  in  passing  through  the  air, 
but  another  part,  which  is  of  such  wave-length  that  the  air  does  not  readily 
absorb  it,  will  escape  directly  to  space.  By  the  term  **  transmission  of  terres- 
trial radiation  '*  is  meant  the  proportion  which  that  part  that  escapes  forms 
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-of  the  whole.  The  present  author  has  found  this  transmission  to  lie  between 
^%  in  summer  and  58%  in  winter,  while  A.  Angstrom,  on  the  other  hand, 
states  bis  belief  that  the  transmission  for  a  clear  sky  is  seldom  greater  than 
125%  and  seldom  less  than  5%.  These  divergent  views  are  not  so  much  due 
to  different  experimental  results  as  to  the  different  methods  adopted  for 
<leducing  the  transmission  from  the  radiation  measurements  made.  A  funda- 
mental difference  in  the  theories  of  the  two  workers  lies  in  the  fact  that 
Angstrom  deals  with  the  radiation  from  a  point  outwards  in  all  directions 
to  the  hemisphere  of  the  sky,  while  Very  deems  that  each  element  of 
horizontal  surface  may  be  considered  as  in  radiant  exchange  with  the  vertical 
air  column  of  equal  section  situated  directly  over  it,  and  considers  only, 
therefore,  vertical  radiation  from  each  element  of  the  earth's  surface.  The 
paper  is  devoted  to  a  justification  of  the  latter  point  of  view  and  to  an 
endeavour  to  point  out  wherein  Angstrom's  results  are  in  error.  J.  S.  Di. 

866.  Causes  contributory  to  Annual  Variation  of  Latitude.  H.  Jeffreys. 
(Roy.  Astron.  Soc.,  M.N.  76.  pp.  499-526,  April,  1916.)— The  contributions  to 
the  annual  variation  of  latitude  are  considered  in  so  far  as  they  may  be  due 
to  atmospheric  or  oceanic  motions,  snowfall,  or  vegetation  accumulations, 
the  theoretical  values  derived  being  plotted  in  comparison  with  the  observed 
motions  during  various  periods,  and  it  is  concluded  that  the  known  meteoro- 
logical causes  are  apparently  capable  of  producing  the  effects  observed. 
With  regard  to  the  discrepancies  that  remain,  investigation  must  be  directed 
to  finding  a  cause  that  is  capable  of  displacing  the  pole  of  inertia  at  the  March 
equinox  in  the  direction  opposite  to  the  Greenwich  meridian.  C.  P.  B. 

866.  Observations  of  Latitude  Variation,  £.  Przyt^yllok.  (Astron. 
Nachr.  Nos,  4840,  4841.  Observatory,  No.  501.  pp.  274-275,  June,  1916.)— 
In  a  discussion  of  the  observations  of  the  International  Latitude  Service 
it  is  pointed  out  that  the  assumption  of  no  change  occurring  during  the 
course  of  evening  observations  in  the  angle  between  the  pole  and  zenith 
is  improbable.  Evidence  appears  to  point  to  the  existence  of  zenithal 
refraction,  which  may  not  be  due  to  tilting  of  the  atmospheric  layers.  The 
phenomenon  shows  no  definite  periodicity,  and  its  amount  differs  at  different 
stations. 

It  is  concluded  that  the  chain  method  of  observation  gives  an  accurate 
determination  of  the  polar  motion,  including  the  z  term,  but  that,  on  account 
of  the  change  in  the  pole  and  zenith  during  the  observations,  the  correction 
to  the  aberration  constant  as  ordinarily  obtained  is  meaningless.         C.  P.  B. 

867.  New  Method  of  discovering  Periodicities.  J.  I.  Craig.  (Roy.  Astron. 
Soc.,  M.N.  76.  pp.  498-499,  April,  1916.)— A  method  is  outlined  for  the 
determination  of  periodicities  in  any  series  of  observational  data,  and  for 
the  provision  of  a  criterion  of  the  finality  of  the  process.  Applied  to  the 
sun-spot  period  the  method  gives  values  near  11*5  years,  which  is  nearer 
Turner's  value  than  the  usually  accepted  figure  of  11*125  years.  It  is  pointed 
out  that  the  theory  is  adaptable  to  expressions  of  a  series  in  terms  of  any 
functions  defined  by  linear  finite  difference  or  functional  equations. 

C.  P.  B. 

868.  Longitudes  of  Jupiter's  Satellites.  W.  de  Sitter.  (Roy.  Astron. 
Soc,  M.N.  76.  pp.  448-468,  April,  1916.)— Details  are  given  of  the  results 
derived  from  measurements  made  at  Leiden  on  photographic  records  of 
Jupiter's  satellites  taken  at  the  Cape  of  Good  Hope  Observatory  during  1918. 
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The  purpose  of  the  investigation  is  to  derive  at  chosen  epochs  the  longitudes 
of  the  three  inner  satellites  for  determinations  of  libration  and  inequalities. 
It  is  shown  that  it  is  possible,  from  a  series  of  plates  distributed  over  a 
month's  time,  to  derive  reliable  corrections  to  the  longitudes  of  the  satellites. 

C.P.  B. 

869.  Comet  or  Nebulous  Minor  Planet.  M.  'Wolf.  (Astron.  Nachr. 
Nos.  4841, 4848.  Nature,  97.  p.  268,  May  25, 1916.  Abstract>-A  photograph 
taken  at  Konigstuhl  on  1916  April  8,  showed  a  peculiar  object,  at  first 
designated  as  a  minor  planet,  1916  ZK.  Three  days  later  it  was  distinctly^ 
nebulous,  and  this  feature  became  more  strongly  developed  by  April  27. 
On  April  80  a  nucleus  was  formed.  The  object  appears  to  have  resembled 
Neujmin's  Comet,  1918c,  which  at  first  resembled  a  minor  planet.         C.  P.  B- 

870.  Comet  19166  {Wolf),  1916  ZK  {Minor  Planet).  Palisa,  Berberich. 
(Astron.  Nachr.  No.  4845,  Circ.  508.  Nature,  97.  pp.  28&-289,  June  1, 1916. 
Abstract) — Later  observations  of  the  nebulous  object  [see  preceding  Abs.]; 
at  Vienna  by  Palisa  showed  that  the  motion  was  not  asteroidal  in  character. 
Wolf  describes  the  features  of  the  nebulosity  and  nucleus  as  being  more 
cometary  than  planetary.  Provisional  elements  are  given  and  a  short 
ephemeris.  C.  P.  B, 

871.  Selenium  Stellar  Photometry.  J.  Stebbins.  (Observatory,  Na  501. 
pp.  257-268,  June,  1916.) — ^An  account  is  given  of  the  methods  employed  and 
progress  made  with  the  selenium  photometer  in  measuring  the  brightness  of 
stars.  The  critical  condition  has  generally  been  in  the  exact  method  of 
annealing  the  selenium.  Estimates  of  the  accuracy  attainable  are  difficult 
on  account  of  the  variability  of  the  cells,  but  it  is  thought  that  with  a  12-in. 
refractor,  if  two  nearly  equally  bright  stars  of  the  second  magnitude  are  near 
together  and  culminate  near  the  zenith,  a  change  of  0*1  mag.  in  one  of  them 
would  be  so  conspicuous  that  it  would  be  detected  with  three  or  four 
exposures  on  each  star.  The  main  disadvantage  of  selenium  is  that  its 
manipulation  is  slow  and  tedious.  Experiments  with  photoelectric  cells 
have  resulted  in  the  production  of  a  photometer  at  least  five  or  six  times 
as  sensitive  as  was  possible  with  selenium.  C.  P.  B.. 

872.  Mean  Parallax  of  Stars  for  Different  Magnitudes.  H.  W.  Un  thank, 
(Roy.  Astron.  Soc.,  M.N.  76.  pp.  529-588,  April,  1916.)— An  attempt  is  made 
to  determine,  by  a  least-squares  method  applied  to  proper  motions,  the  mean 
parallax  of  di£Eerent  groups  of  stars,  each  group  consisting  of  stars  in  a  small 
region  of  the  sky  between  certain  limits  of  magnitude.  The  factor  governing 
change  of  parallax  with  change  of  magnitude  is  given  by  two  separate 
formulae  as  0*846  and  0*847,  which  is  somewhat  larger  than  the  value  0*78 
previously  given  by  Kapteyn.  The  formulae  are  not  considered  suitable  for 
the  brightest  stars.  C.  P.  B. 

873.  Number  of  Faint  Stars  with  Large  Proper  Motions.  F.  A.  Bellamy 
and  J.  D.  McNeile.  (Roy.  Astron.  Soc,  M.N.  76.  pp.  588-542,  April,  1916.) 
— Results  are  given  from  the  comparison  of  ten  pairs  of  plates  taken  with 
intervals  varying  from  14*98.to  9*92  years,  for  the  zones  4-  25°,  -|-  27°,  +  29°, 
in  continuation  of  previous  work  on  the  same  lines  [Abs.  818  (1916)] .  In 
general  the  limiting  magnitude  considered  is  11*0,  but  on  some  plates  stars 
as  faint  as  18*0  are  included.  C.  P.  B. 
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874.  Polarised  Skylight  and  the  Pdrographic  Microscope,  W.  S.  T. 
Smith.  (Washington  Acad.  Sci.,  J.  6.  pp.  229-284,  May  4,  1916.  Paper 
read  before  the  Cordilleran  Section  of  the  Geolog.  Soc.  of  America,  1918.)— 
When  polarised  skylight,  reflected  from  the  mirror  of  a  microscope,  enters 
the  lower  nicol,  its  plane  of  vibration  may  or  may  not  coincide  with  the  plane 
of  vibration  of  the  nicol.  In  the  latter  case  there  is  always  more  or  less  loss, 
sometimes  amounting  to  one-half  or  more  of  the  total  illumination  received 
by  the  microscope.  Pour  possible  devices  are  suggested  for  remed3ring  this 
difficulty.  (1)  Artificial  light  may  be  used,  or  a  translucent  screen  may  be 
interposed  between  the  microscope  and  direct  sunlight  A  cloudy  sky  has 
the  same  effect  as  an  interposed  screen.  (2)  The  microscope  may  be  so 
placed  that  the  light  will  come  from  a  favourable  part  of  the  sky.  But, 
^hile  the  selection  of  favourable  parts  of  the  sky  may  somewhat  decrease 
the  polarisation  effects,  it  is  not  always  a  satisfactory  remedy,  especially 
^hen  the  choice  is  restricted  to  those  parts  visible  from  a  single  window. 
(8)  The  microscope  may  be  rotated  on  its  base  until  the  plane  of  vibration  of 
the  reflected  polarised  skylight  coincides  with  that  of  the  lower  nicol  of  the 
instrument.  When  the  observer  can  move  with  the  microscrope  this  method 
is  entirely  satisfactory.  (4)  A  suitable  compensator  introduced  below  the 
polariser,  and  capable  of  independent  rotation  about  the  axis  of  the  instru- 
ment, may  effect  practically  complete  correction  of  the  polarisation,  and  at 
the  same  time  give  a  whiter  light.  A  simple  t3rpe  of  such  compensator  is  a 
half-wave  plate  cut  from  quartz  or  muscovite.  If  this  is  used,  however,  with 
a  microscope  in  which  both  nicols  can  be  rotated  simultaneously,  it  is  neces- 
sary to  connect  the  mounting  of  the  compensator  with  that  of  the  polariser 
so  that  when  the  polariser  is  turned  through  any  angle  the  compensator  will 
be  rotated  through  half  that  angle  in  the  same  direction.  A.  W. 

876.  Lenses  for  Light  Distribution.  T.  Smith.  (Phys.  Soc,  Proc.  28. 
pp.  211-219 ;  Disc,  219,  June,  1916.  Prom  the  National  Physical  Labora- 
tory.)— ^The  principle  on  which  lenses  for  securing  a  required  distribution  of 
light  from  a  given  source  have  been  designed  is  illustrated  by  a  two-dimen- 
sional example.  The  principle  employed  is  to  divide  the  incident  and 
emergent  energy  into  a  number  of  equal  parts,  and  compute  the  lens 
system  so  that  the  rays  which  separate  off  these  portions  of  incident  light 
from  one  another  are  refracted  as  ra3rs  which  separate  the  corresponding 
portions  of  the  emergent  light.  The  surfaces  obtained  are  in  general  of 
varying  curvature,  and  the  lenses  must,  therefore,  be  moulded.  It  is  shown 
bow  the  effect  of  the  finite  size  of  the  light  source  may  be  determined. 

Author. 

876.  Choice  of  Glass  for  Cemented  Objectives,  T.  Smith.  (Phys.  Soc, 
Proc  28.  pp.  220-284,  June,  1916.  From  the  National  Physical  Laboratory.) 
— ^The  strict  fulfilment  of  the  mathematical  conditions  for  freedom  from 
colour,  spherical  aberration  and  coma,  for  objects  at  varying  distances  from 
a  thin  cemented  doublet  lens,  necessarily  demands  a  change  in  the  kinds  of 
glass  as  the  position  of  the  object  is  changed.  The  author  describes  a  method 
by  which  the  proper  glasses  can  be  determined  by  using  a  glass  chart  on 
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translucent  paper,  in  conjunction  with  diagrams  calculated  for  the  purpose,, 
as  a  slide-rule.  With  most  glasses  the  solution  to  the  problem  is  imaginary, 
and  formulae  are  given  for  calculating  the  boundary  separating  real  and 
imaginary  solutions  by  solving  a  quadratic  equation.  In  practice  it  is  found 
that  the  curves  for  all  real  images  lie  very  close  to  one  another.  Notwith- 
standing this,  a  numerical  example  shows  that  there  will  be  a  perceptible 
difference  in  the  definition  obtained  if  in  place  of  the  theoretically  necessary 
type  a  kind  of  glass  is  substituted  which  does  not  differ  greatly  from  the  other,, 
and  lies  on  a  curve  giving  perfect  correction  for  another  real  magnification^ 
It  is  further  shown  that  when  no  real  solution  is  forthcoming  for  a  double 
lens  a  real  solution  will  in  practice  be  obtained  by  adopting  a  triple  objective 
made  of  the  same  glasses.  Author. 

877.  Correction  of  Chromatic  Aberrations  when  the  External  Media  are  Dis- 
persive. T.  Smith.  (Phys.  Soc,  Proc.  28.  pp.  285-241,  June,  1916.  From 
the  National  Ph3rsical  Lab.) — The  best  way  of  correcting  can  be  determined 
from  the  expressions  given  by  the  author  on  taking  into  con^deration  the 
range  of  magnifications  for  which  the  system  is  to  be  used  and  the  relative 
magnitudes  of  the  field  of  view  and  the  angular  aperture.  L.  H.  W.. 

878.  New  Fundamental  Equation  in  Optics.  C.  W.  Woodworth. 
(Science,  48.  pp.  824-825,  June  9,  1916.) — Develops  a  new  and  accurate 
equation  for  the  position  of  conjugate  foci  of  spherical  lenses.  Measure- 
ments are  made  from  the  centre  of  curvature  instead  of  from  the  surface  of 
the  lens,  and  this  leads  to  the  following  accurate  equation:  nlf+n'lf^ 
=  [(n  —  fi')/r]  (cos  a/cos  d),  where  n  and  n'  are  the  indices  of  refraction, /and 
f  the  focal  distances  of  conjugate  foci,  r  is  the  radius  of  the  lens,  a  the  focal 
angle,  and  b  the  radial  angle.    The  meaning  of  these  terms  will  be  seen  from 


the  Fig.  [which  has  been  drawn  from  the  description  given  in  the  paper, 
since  no  figure  is  there  reproduced].  E,  E'  are  the  conjugate  foci,  EQE'  is 
the  path  of  the  ray,  O  the  centre  of  the  lens,  and  DOD'  a  line  through  0» 
Then  in  the  above  equation  OE  =/,  OE'  =/,  OQ  =  r,  angle  EOD  =  a, 
and  angle  QOD  =  b.  The  remainder  of  the  Fig.  is  for  the  purposes  of  the 
proof,  for  which  the  original  paper  should  be  consulted.  J.  W.  T.  W. 

879.  Use  of  the  Auio<ollimating  Telescope  in  the  Measurement  of  Angles, 
J.  Guild.  (Phys.  Soc,  Proc.  28.  pp.  242-249 ;  Disc,  249,  June,  1916.  From 
the  National  Physical  Lab.) — The  measurement  of  angles  by  means  of  the 
autocollimator  resolves  itsdf  into  the  measurement  of  the  distance  between 
two  images  produced  in  the  focal  plane  of  a  micrometer  eyepiece.  In  most 
cases  the  light  forming  these  images  passes  through  portions  of  the  object 
glass  on  opposite  sides  of  a  diameter.  It  is  shown  that,  when  this  diameter  is 
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peq>endictilar  to  the  direction  of  the  displacement  to  be  measured,  uncer- 
tainty  and  error  are  introduced  on  account  of  any  residual  spherical  aberra- 
tion of  the  object  glass  and  the  depth  of  focus  of  the  telescope.  One  or  two 
particular  cases  are  discussed  in  which  it  is  shown  how  this  may  be  obviated. 

Author. 

880.  Flicker  Frequency  as  affected  by  Colour.  L.  T.  Troland.  (Frank. 
Inst.,  J.  181.  pp.  868-866,  June,  1916.)— The  frequency  at  which  flicker  due  to 
difference  in  colour,  as  distinct  from  difference  in  brightness,  can  just  bo 
made  to  disappear,  depends  chiefly  on  the  difference  in  hue  of  the  sources 
compared.  The  author  determines  the  frequency  for  the  various  spectrum 
colours  compared  with  a  white  standard  (tungsten  lamp).  The  tests  were 
carried  out  with  illumination-values  of  1026  and  647  photons  respectively. 
(One  "photon"  is  defined  as  the  illumination  of  the  retina  corresponding 
with  a  stimulus-surface  brightness  of  1  candle  per  sq.  metre,  and  an  effective 
pupillary  area  of  1  mm.».)  The  frequencies  (cycles  per  sec.)  thus  determined 
are  assembled  in  tabular  form.  The  lowest  frequencies  occur  in  the  yellow 
(16-94-17*1),  the  highest  in  the  red  (24-49-27-76).  The  photometric  sensi« 
bility  also  varies  between  wide  limits  according  to  the  difference  in  colour  of 
light  from  standard  and  comparison  source,  the  range  of  observations 
being  greatest  (4*46-6*89  %)  when  red  light  was  compared  with  the  light 
from  a  somewhat  overrun  tungsten  lamp.  ].  S.  D» 

881.  The  Clustering-tendency  of  the  Molecules  in  the  Critical  State  and 
the  Extinction  of  Light  caused  thereby,  F.  Zernike.  (K.  Akad.  Amsterdam, 
Proc.  18.  pp.  1620-1627,  1916.) — In  a  previous  paper  an  improved  formula 
was  derived  for  the  scattering  of  light  by  a  single  substance  in  the  neigh- 
bourhood of  the  critical  point.  In  that  paper  the  inaccuracy  of  former 
approximate  formulae,  which  gave  an  infinitely  strong  scattering  for  the 
critical  state,  had  been  corrected  by  exactly  taking  into  account  the  influence 
of  the  arrangement  of  the  molecules  in  space,  after  a  new  probability- 
method.  In  fact,  the  intensity  of  the  scattered  light  could  be  given  for  the 
critical  point  itself.  The  former  difficulty,  however,  has  not  quite  disappeared 
in  that  way,  for  when  the  total  scattered  energy  is  computed  from  the  given 
formula  in  order  to  find  the  extinction  of  the  incident  light,  then  a  logarithmic 
expression  arises  which  still  becomes  infinite  in  the  critical  point.  A  better 
approximation  is  of  practical  importance,  since  it  has  been  shown  that  the 
magnitude  of  the  sphere  of  attraction  might  experimentally  be  found  from 
measurements  of  the  opalescence,  consequently  a  theoretically  accurate 
formula  for  the  extinction  is  most  urgent.  In  the  present  paper  a  better 
value  for  the  extinction  is  found  by  deriving  it  directly  from  the  theory 
of  electrons.  For  this  purpose  it  has  been  necessary  first  to  calculate 
explicitly  a  formerly  introduced  function  which  indicated  the  course  of  the 
mean  density  of  the  molecular  clusters,  and  this  constitutes  the  first  portion 
of  the  paper.  Following  come  the  electronic  considerations,  which  are  an 
extension  of  the  treatment  given  by  Lorentz  for  the  scattering  of  light  by 
an  ideal  gas.  H.  H.  Ho. 

882.  D^adion-ring  Pattern  in  the  Shadow  of  a  Circular  Object,  M.  E. 
Hufiford.  (Phys.  Rev.  7.  pp.  646-660,  May,  1916.)— The  author  has  obtained 
photographs  of  diffraction-ring  patterns  by  use  of  circular  openings  and  steel 
spheres  containing  as  many  as  26  rings  representing  minima  of  intensity 
[Abstract  No.  1640  (1914)].  Lommel  has  deduced  formulae  for  calculating 
the  radii  of  these  rings  and  has  compared  the  calculated  and  measured  valuer 
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for  a  few  of  them.  In  the  present  work  the  radii  of  many  more  are  measured 
and  compared  with  approximate  theoretical  values  obtained  by  using  Lommel's 
expression.  T.  H. 

883.  Optical  Activity  of  Liquids  and  Gases,  F.  Gray.  (Phys.  Rev.  7. 
pp.  472-488,  April,  1916.)— The  present  study  of  optical  activity  was  under- 
taken because  of  the  difference  between  the  chemical  and  physical  view-point 
concerning  the  natural  activity  of  isotropic  substances.  On  the  chemical 
side  Pasteur,  Le  Bel,  and  van't  Hoff  developed  the  present  conception  of 
molecular  structure  and  proposed  the  theory  connecting  optical  activity  with 
an  asjrmmetric  structure  of  the  molecule.  By  physics  the  subject  has  been 
treated  more  from  the  optical  side,  and  Drude  and  Voigt  have  shown  just 
what  form  of  electromagnetic  equations  must  hold  in  an  active  medium  in 
order  to  produce  rotation.  The  two  theories  have  not  yet  been  tied 
together,  and  it  has  not  yet  been  shown  why  the  asymmetric  molecule  should 
give  rise  to  these  particular  equations. 

The  paper  consists  of  two  parts,  the  first  being  a  brief  report  of  a 
theoretical  study  of  a  few  types  of  molecules  which  has  led  to  a  very 
natural  and  satisfactory  explanation  of  both  the  chemical  and  the  physical 
facts  of  optical  activity,  while  the  second  is  a  report  of  an  experimental 
search  for  phenomena  predicted  from  the  theory.  Drude  has  shown  that 
the  modified  field  equations  would  result  if  the  paths  of  some  of  the 
electrons  in  an  active  medium  were  short  helices  all  twisted  in  the  same 
direction  and  with  axes  oriented  at  random  in  space,  but  he  made  no 
attempt  to  show  how  the  asymmetric  structure  of  the  molecule  causes 
these  spiral  tracks,  and  thus  his  theory  does  not  tie  up  with  molecular 
structure,  nor  does  it  account  for  the  anomalous  rotary  dispersion  of  the 
metallic  tartrates.  For  this  reason  the  author  has  made  a  study  of  the  inter- 
action between  atoms  in  the  hope  that  such  interactions  might  afford  a  more 
satisfactory  explanation  of  optical  activity.  The  case  of  a  molecule  with 
6  atoms  is  first  considered,  the  assumption  being  made  that  the  atoms  are 
small  compared  to  the  distances  between  them,  so  admitting  of  being  treated 
as  electric  doublets.  The  method  is  then  extended  to  include  other  molecules. 
Assuming  that  the  atoms  of  a  molecule  may  be  electrically  polarised  by  a 
light  wave  and  that  they  then  interact  according  to  the  ordinary  laws  for  an 
electric  doublet,  it  is  shown  that  the  optical  activity  of  isotropic  substances 
may  be  explained  as  a  result  of  such  interactions.  From  this  view-point  an 
asymmetric  molecule  will  be  active  and  a  symmetrical  molecule  inactive.  A 
molecule  must  have  more  than  three  atoms  to  be  active.  A  connection  has 
been  shown  between  molecular  activity  and  atomic  refractivity,  and  the 
reason  for  the  failure  of  the  Guye  hypothesis  in  so  many  cases  is  demon- 
strated. The  latter  states  that  the  optical  activity  of  a  molecule  is  measured 
by  its  mass  asjrmmetry,  but  from  the  present  theory  it  is  not  the  mass 
asymmetry  which  is  important,  but  the  asymmetry  in  terms  of  atomic  or 
group  refractions.  A  possible  explanation  of  the  variation  of  rotation  with 
temperature  has  been  given.  According  to  the  present  view  of  activity  any 
absorption  band  belonging  to  an  active  molecule  might  cause  anomalous 
rotation.  The  work  of  Tuchugoff  and  Ogordnikoff  supports  such  a  view. 
An  experimental  test  was  made  for  the  most  extreme  case  that  could  be 
obtained.  A  neodymium  atom  was  introduced  into  an  active  molecule  and 
the  rotation  was  found  to  be  anomalous  at  the  bands  characteristic  of  the 
atom— a  result  in  support  of  the  author's  theory.  A  monochromatic  illumin- 
ator with  a  divided  field  was  used,  it  being  impossible  to  use  the  quartz  wedge 
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method.  Experimental  details  with  diagrams  are  given.  A  footnote  refers  to 
Stark  and  Born's  recent  articles  on  the  same  subject,  in  which  the  suggestion 
is  made  that  natural  activity  might  be  explained  as  the  result  of  the  inter- 
action  of  doublets.  The  author's  method  may  be  regarded  as  a  special  case 
of  Bom's  more  general  theory  with  two  important  differences:  (1)  Born 
views  a  molecule  as  a  system  of  coupled  electrons,  the  coupling  and  restoring 
forces  being  identical,  whereas  the  present  author  regards  the  atom  as  a 
particle  of  dielectric  ;  the  atoms  are  coupled  according  to  the  ordinary  laws 
for  a  doublet,  and  the  restoring  force  on  an  electron  is  not  identical  with  the 
coupling,  but  may  be  influenced  by  it.  This  is  supported  by  the  fact  that 
many  absorption  bands  are  roughly  characteristic  of  the  atom,  and  that  for 
many  organic  compounds  the  refractive  index  is  an  almost  additive  property. 
(2)  Born  neglected  the  retardation  of  the  interaction  between  particles. 

H.  H.  Ho. 

884.  Circular  Polarisation  produced  by  Spherolites,  P.  Qaubert. 
(Comptes  Rendus,  162.  pp.  764-766,  May  16,  1916.)— Circular  polarisation 
is  produced  under  the  following  conditions  : — (a)  When  a  liquid  crystal 
passes  from  a  monorefracting  to  a  negatively  birefracting  condition 
(cholesterol  propionate,  benzoate,  &c.)  unstable  spherolites  of  diameter  \tsi 
than  0*01  mm.  are  produced  which  give  a  blue  reflected  light  and  a  red 
transmitted  light,  the  latter  being  circularly  polarised,  {b)  Cholesterol 
caprinate  containing  1/5  of  diphenylamine  gives  solid  spherolites  producing 
circular  polarisation,  (c)  Films  of  cholesterol  quickly  cooled  on  a  microscope 
slide,  especially  in  presence  of  1/26  of  anisaldazine,  give  minute  spherolites 
0*004  to  0*02  mm.  diameter,  and  furnish  a  very  large  proportion  of  circularly- 
polarised  transmitted  light.  T.  M.  L. 

886.  Constants  of  the  Quartz-wedge  Scu:charimeier  and  the  Specific  Rotation 
of  Sucrose,  F.  Bates  and  R.  F.  Jackson.  (Bureau  of  Standards,  Bull.  18. 
pp.  67-128, 1916.  [ScL  Papers,  No.  268.])— The  investigation  was  undertaken 
because  the  100^  sugar  point  of  the  saccharimeter  is  one  of  the  most  im- 
portant and  fundamental  constants  both  from  a  commercial  and  scientific 
view-point,  and  also  because  the  Bureau  had  long  found  it  impossible  to 
make  a  pure  sugar  test  100  %  on  modern  polariscopes.  The  preparation  of 
pure  sugar  by  special  vacuum  apparatus  eliminated  the  necessity  of  heating 
above  room  temperature.  The  100^  sugar  point  was  found  to  be  over  one- 
tenth  per  cent,  too  high,  this  making  the  test  of  2dl  sugars  too  low  by  that 
amount.  The  producers  of  sugar,  as  well  as  the  U.S.  Government  in  the 
collection  of  duty  have,  owing  to  this,  lost  very  large  sums  of  money. 

L.  H.  W. 

886.  Magnetic  Rotary  Dispersion  in  Relation  to  the  Electron  Theory,  III. 
Number  of  Electrons  and  Additive  Relations.  S.  S.  Richardaon.  (Phil. 
Mag.  81.  pp.  454-478,  May,  1916.)— The  application  of  magnetic  rotary 
dispersion  to  the  determination  of  the  number  of  resonators  present  in  the 
molecule  of  a  substance  is  here  considered.  If  N  denotes  the  number  of 
resonators  present  in  the  unit  of  volume,  p  the  number  per  molecule,  tn  the 
mass  and  e  the  charge  of  each,  d  the  density  and  M  the  molecular  weight 
of  the  substance,  and  k  the  absolute  mass  of  the  hydrogen  atom, 
}^iei^pide\IUh.  If  attention  be  confined  to  electrons,  the  ratio  of 
e\  to  h  is  equivalent  to  the  electrolytic  constant,  96,580  coulombs  or 
9658  X  8  X  10'^  e.s.  units  per  gm.  When  Ni^i  can  be  obtained  from  optical 
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data,  the  above  equation  gives  at  once  the  value  of  p\.  Methods  are  shown 
for  deducing  the  number  <^  electrons  (1)  from  natural  dispersion  and  (2) 
from  magnetic  rotation.  Comparison  of  the  values  of  v  aiKi  p  for  various 
typical  organic  compounds  shows  that  probably  in  every  case  the  number 
of  electrons  influencing  the  refraction  is  not  greater  than  the  total  number  of 
normal  valencies  of  the  atoms.  The  author  develops  a  theory  of  magnetic 
rotary  dispersion  of  organic  compounds  according  to  which  the  summation 
is  referred  not  to  the  atoms  alone  or  to  the  valency  linkages  alone,  but  to  the 
two  combined.  It  is  claimed  that  this  theory  (1)  contains  internal  evidence 
of  its  truth,  (2)  leads  to  values  admitting  of  a  more  rational  interpretation 
than  those  of  the  "  atomic "  method,  and  (8)  correlates  the  phenomena  of 
magnetic  rotation  and  refraction.  Values  are  deduced  for  the  atomic 
refractions  of  carbon,  hydrogen,  and  oxygen,  and  for  the  refractions  corre- 
sponding with  the  linkings  (CC),  (CH),  (CO),  (OH),  etc.,  and  the  summations 
of  these  for  a  number  of  organic  compounds  give  moderately  good  agree- 
ment with  the  experimental  values  in  all  cases.  T.  H.  P. 

887.  Wave-length  Standards  in  the  Iron  Spectrum.  K.  Burns,  W.  F. 
Meggers,  and  P.  W.  Merrill.  (Bureau  of  Standards,  Bull.  18.  pp.  245-272, 
1916.  [Sci.  Papers,  No.  274.])— Between  the  limits  8288  A.  and  6760  A.  some 
400  lines  were  either  remeasured  or  measured  for  the  Erst  time  by  the 
interference  method.  The  work  was  done  in  conformity  with  the  recom- 
mendation of  the  International  Wave-length  Committee.  Where  it  was 
found  possible,  faint  lines  as  well  as  strong  ones  were  measured.  Satisfactory 
standards  were  found  at  intervals  of  10  or  15  A.U.  throughout  the  greater 
part  of  the  spectrum  ;  there  are  no  sharp  iron  lines  of  even  moderate  intensity 
in  the  region  5775  to  5984  A.,  and  the  number  is  insufficient  in  the  extreme 
red.  The  spectroscope  used  was  a  685-cm.  concave  grating  mounted  in 
parallel  light.  The  greater  part  of  the  wave-lengths  were  measured  by 
three  interferometers,  the  order  of  interference  ranging  from  20,000  to  50,000 
in  the  case  of  each  line.  The  method  was  that  of  Buisson  and  Fabry.  The 
mean  difference  between  the  present  observations  and  the  I  A.  standards  is 
about  1  in  4  X  10*.  It  is  thought  that  some  of  the  standards  are  in  error 
by  0*002  A.  or  more.  Interferometer  observations  under  the  conditions 
described  were  found  to  be  reasonably  free  from  pole-shifts.  Comparison 
with  all  the  grating  observations  which  have  been  made  on  the  I  .A,  system 
shows,  as  has  been  found  before,  that  more  numerous  secondary  standards 
are  needed  in  order  to  obtain  the  highest  accuracy  in  grating  work.  While 
grating  observations  often  show  an  intensity  equation,  interference  measure- 
ments appear  to  be  reasonably  free  from  this  effect.  The  sharpness  of  over 
600  lines  was  determined,  and  the  data  were  correlated  with  data  relating  to 
pole-shifts,  to  behaviour  under  pressure,  and  to  intensity.  Lines  showing  a 
negative  pole-shift  are  never  very  sharp,  while  those  having  a  positive  pole- 
shift  are  sometimes  perfectly  sharp  in  the  centre  of  the  arc  ;  the  lines  subject 
to  a  shift  are  more  likely  than  are  the  unaffected  lines  to  be  broad,  even  in 
the  centre  of  the  arc.  Lines  which  are  faint  or  of  only  moderate  intensity 
are  sharper  on  the  average  than  strong  lines.  Still,  some  very  strong  lines 
are  quite  sharp.  The  width  of  the  average  line,  expressed  as  a  proportion 
of  the  wave-number,  is  not  a  function  of  the  wave-length.  All  the  results 
are  tabulated.    [See  also  Abs.  550  (1915),  65  and  68  (1916).]  A.  W. 

888.  Senes  Lines  of  Hydrogen.      W.    Wien.    (Ann.  d.  Physik,  49.  7. 
pp.  842-850,  May  11, 1916.)— A  paper  dealing  with  the  electrodynamic  separa- 
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lion  of  the  series  lines  of  hydrogen.  Soon  after  Stark's  discovery  of  the  elec- 
tric separation  of  the  hydrogen  lines,  Wien  showed,  from  reasoning  based 
on  the  electromagnetic  theory,  that  this  e£Fect  should  also  occur  in  a  magnetic 
field  if  the  luminous  particles  move  with  a  sufiiciently  great  velocity. 
Hydrogen  canal-ra3rs  have  a  velocity  of  about  10*  cm./sec.,  and  experiments 
here  described  exhibit  the  effect  quite  plainly.  Since,  however,  the  canal- 
rays  move  with  different  velocities,  no  sharp  lines  are  obtained  under  the 
influence  of  a  magnetic  field,  but  there  is  an  unmistakable  broadening  of  the 
lines  seen  in  the  absence  of  the  field.  The  electric  force  can  in  general  be 
divided  into  two  parts  according  to  the  equation  F  =  (l/c)(E  -|-  vH),  where 
E  is  the  electrostatic,  H  the  magnetic  field,  both  in  electromagnetic  units, 
V  is  the  velocity  of  the  particles  and  c  the  velocity  of  light ;  so  E  can  be 
replaced  by  vH  if  this  latter  product  is  made  great  enough.  A  full  descrip- 
tion is  given  of  the  apparatus  used,  and  a  nimiber  of  photographs  are 
reproduced.  The  following  table  gives  the  results  of  some  of  the  measure- 
ments : — 


Diacharse 

Potential, 

Volts. 

V. 

vH. 

BreadUis  of  Lines. 

Line. 

Outer  Components. 

Inner  Components. 

Calculated. 

Obserred. 

CalcuUted. 

Obsenred. 

5000 
5000 
8200 
8200 
14,500 

5000 

8200 

14,500 

6*5  X  lO' 
6-5    „ 
5-2    „ 
6-6    „ 
7*7    „ 

6-8    „ 
6*4    „ 

7*7    „ 

11,000  X  w 
11,000    „ 
8800    „ 
11,200    „ 
18,100    „ 

11,600    „ 
10,900    „ 
18,100    „ 

4*4  A. 

4*4 

8*5 

4*5 

5-2 

8*2 
80 
8*6 

8*9  A. 

50 

4-2 

4*8 

62 

4*8 
4*2 

4*8 

8-2  A. 

2*6 
8*8 
8-8 

2*8  A. 

2*8 
8-7 

4-8 

A.  W. 

889.  Emission  Spectra  in  Ultra-red,  W.  Mandersloot.  (Ann.  d.  Physik, 
49.  6.  pp,  725-780,  May  5,  1916.)— A  theoretical  treatment  relating  to  gases 
with  diatomic  molecules.  It  is  assumed,  from  considerations  based  on  the 
classical  theory,  that  for  mean  and  for  higher  temperatures  the  law  of  equi- 
partition  of  energy  holds  for  the  translation  and  rotation  of  gas  molecules. 
It  is  then  shown  that  in  the  spectrum  of  the  rotating  dipole,  the  translation 
has  practically  no  effect  A  calculation  is  made  of  the  wave-lengths  for  max. 
intensity  and  the  numbers  obtained  for  HCl,  HBr,  and  CO  are  compared  with 
the  results  obtained  by  Eva  v.  Bahr.  A.  W. 


890.  Infra-red  and  Ultra-violet  Absorptions  of  Sulphur  Dioxide  and  their 
Relation  to  the  Infra-red  Spectra  of  Oxygen  and  Hydrogen  Sulphide.  C.  S. 
Garrett.  (Phil.  Mag.  81.  pp.  505-511,  June,  1916.>-A  detailed  study  has 
been  made  of  the  gaseous  absorption  of  SOi  in  order  to  test  the  applicability  of 
Baly's  theory  of  the  connection  between  ultra-violet  and  infra-red  absorp- 
tion. The  broad  absorption  band  exhibited  by  SOs  in  the  liquid  and  solution 
phases  becomes  resolved  into  a  number  of  small  band  groups  which,  at  any 
rate  in  the  less  refrangible  ultra-violet  region,  are  symmetrically  distributed 
round  a  central  band  group  of  max.  absorption.     By  varying  the  pressure 
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and  thickness  of  the  absorption  layer  of  the  gas  at  constant  temperature,  the 
whole  of  the  complex  absorption  has  been  traced  and  the  molecular  extinction 
coefficient  for  each  component  band  group  determined.  Series  of  constant 
frequency-differences  are  found  to  occur  between  the  centres  of  the  band 
groups,  and  by  averaging  these  differences  their  real  values  have  been  ascer* 
tained  with  considerable  accuracy.  Further,  the  whole  region  of  absorption 
can  be  divided  into  three  portions,  namely  :  a  less  refrangible  portion  in 
which  the  avers^e  difference  between  the  wave-numbers  of  the  centres  of 
the  consecutive  bands  is  23*4,  an  extreme  ultra-violet  region  where  this  dif- 
f  erence  is  about  85,  and  an  intermediate  region  where  combinations  of  these 
differences  occur  together  with  a  third  difference  of  about  12.  The  whole 
absorption  region  consists  apparently  of  two  principal  band  groups,  the 
centres  lying  near  X  s  2960  and  beyond  X  as  2107  respectively.  As  regards 
the  less  refrangible  band,  the  trace  of  the  absorption  curve  shows  that  the 
true  optical  centre  lies  at  X  2961  or  1/X  s  8878.  According  to  Bal/s  theory 
the  latter  should  be  an  even  multiple  of  a  fundamental  band  in  the  short* 
wave  infra-red  region ;  since  Coblentz  found  the  most  pronounced  band 
between  8 /*  and  11  /*  to  lie  at  X  =  74 /*  or  1/X  =  1861  and  185*1  X  25  =  8877*5 
Baly's  theory  is  supported.  Baly's  further  postulate,  that  the  constant  dif- 
ferences in  the  wave-numbers  in  the  ultra-volet  are  compounded  from  certain 
basic  constants  characteristic  of  the  molecule,  and  that  these  basic  constants 
determine  the  infra-red  absorption  of  the  molecule,  also  finds  confirmation 
in  the  experimental  numbers.  The  wave-number  difference,  84*4,  charac- 
teristic of  the  extreme  ultra-violet  region  of  absorption  of  SOt  is  found  to  be 
derived  from  the  specific  sulphur  bases,  and  the  conclusion  is  drawn  that 
it  is  the  sulphur  atom  of  SOt  which  is  mainly  responsible  for  the  production 
of  this  second  ultra-violet  band  group,  of  which  only  a  portion  has  been 
observed  on  account  of  the  limited  transparency  of  quartz>  Similar  reasoning^ 
indicates  that  the  oxygen  atoms  in  the  molecule  must  be  the  chief  deter- 
mining cause  of  the  typical  band  system  characteristic  of  the  first  absorption 
band  group  in  the  near  ultra-violet  region.  T.  H.  P» 

891.  Ultra-violet  Absorption  System  of  Sulphur  Dioxide,  E.  C.  C.  Baly 
and  C.  S.  Garrett.  (Phil.  Mag.  81.  pp.  513-520,  June,  1916.)— The  authors 
deal  further  with  the  results  obtained  by  Garrett  [see  preceding  Abs.].  The 
wave-number  of  the  most  important  absorption  band  in  the  short-wave  infra- 
red region  of  SOi  is  given  by  88751*6/25  =s  1850*06,  corresponding  with  a 
wave-length  of  7*407 /i.  Again,  the  least  common  multiple  of  the  basic 
constants  is  given  by  1850*06/14  s  96*488,  and  the  wave-numbers  of  the 
infra-red  absorption  bands  are  multiples  of  this  least  common  multiple. 
The  general  formula  expressing  the  whole  system  of  Hues  in  the  ultra- 
violet band  group  is,  88751*6  -\- p  X  228*225  -f  n  x  278,  where  ^=s-.  7,  —  6> 
...0...-I-12,  -1-18,  and  n=— 44,  —  48,...0...-|- 86,  -*-87.  The  whole  band 
group  consists,  therefore,  of  21  sub-groups  each  containing  82  absorption 
lines ;  the  wave-numbers  of  these  1722  lines  have  been  calculated  and 
arranged  in  the  82  series  of  constant  difference  and  compared  with 
Miss  Lowater's  observed  values  [Abs.  1289  (1910)]  after  reducing  the 
latter  to  a  vacuum.  The  good  agreement  between  the  observed  and 
calculated  values  supports  the  validity  of  the  formula. 

The  results  obtained  entirely  support  the  theory  of  the  relation  between 
infra-red  and  ultra-violet  absorption,  and  there  is  little  doubt  attaching  to  the 
formula  given  above  for  the  less  refrangible  ultra-violet  absorption  band  of 
SOt.  T.  H.  P. 
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892.  Lo  Surdo's  Law.  C.  Sonaglia.  (Accad.  Lincei,  Atti,  24.  p.  621, 
1915.  N.  Cimento,  11.  pp.  207-211,  March-April,  1916.)— The  series  given 
by  Lo  Surdo  [Abs.  1059  (1914)]  may  be  extended  to  the  fifth  line  of  Baltner's 
series  as  follows :  Line,  H« ;  X,  8970*8 ;  n,  7  ;  total  number  of  components,  7 ; 
order  of  line  in  series,  5 ;  components  with  normal  vibrations,  5.         T.  H.  P. 

893.  Hydrogen  Canal  Rays.  R.  v.  Hirsch.  (Ann.  d.  Physik,  49.  7. 
pp.  851-864,  May  11,  1916.)— Describes  research  on  the  light  emission  by 
hydrogen  canal-rays.  It  is  shown  that  there  is  no  appreciable  pressure  effect 
on  the  intensity  ratio  of  the  displaced  and  stationary  lines.  The  effect  of 
the  magnetic  field  on  the  intensity  ratios  Ha  :  H^  and  Ha :  H^  is  illustrated 
graphically,  and  the  results  are  discussed.  It  is  concluded  that  the  hydrogen 
canal-rays  emit  light  on  becoming  charged,  that  is,  by  gaining  or  losing  an 
electron,  while  the  ionisation  and  neutralisation  light  is  closely  connected 
with  the  impact  of  the  displaced  on  the  stationary  particles;  hence  the 
greater  intensity  of  the  stationary  line  and  the  stronger  polarisation.      A.  W. 

894.  Extremely  Penetrating  Radiations  of  the  K-series  of  Tungsten,  and  the 
X-raySpectraof  Heavy  Metals,  de  Broglie.  (Comptes  Rendus,  160.  pp.  596- 
597,  April  17, 1916.) — With  the  increasing  use  of  Coolidge  tubes  the  author 
gives  a  few  results  which  are  of  interest  to  users  of  this  tube.  The  observa- 
tions prove  the  existence  of  a  group  of  rays  of  extremely  high  frequency 
which  correspond  to  the  K-radiation  of  tungsten.    This  group  comprises  :— 


Ray^ 

"SelocUw  Aogle  "  from  Nad. 

Wave-length. 

i3« 

2^04' 
r48' 

2-082  X  10-»  cm. 
1-768  X  10-»  cm. 

The  "ray"  a  is  a  doublet  of  which  the  components  are  separated  by  an 
angle  of  about  2'.  These  extremely  penetrating  X-rays  may  be  classed  in  the 
same  spectral  region  as  the  penetrating  y-rays  from  RaB.  They  are  produced 
when  the  p.d.  reaches  75,000  volts. 

An  examination  has  also  been  made  of  the  X-ray  spectra  (by  an  analysis 
of  secondary  X-rays)  of  the  heavy  metab  Th  and  Ur.  Similar  observations 
on  Hg,  Tl,  Pb,  and  Bi  have  been  published  previously  [Abs.  1887,  1888 
<1914)].    For  Th  and  Ur,  the  rays  noted  are  :— 

Thorium  (oxide)   7°  47'  (strong),  8°  08',  9°  44'  (double). 

Uranium  (oxide)  7°  22',  7°  48',  9°  18, 

which  give,  by  Mosele/s  law,  the  atomic  numbers  90  and  92  for  these 
elements.  A.  B.  W. 

896.  Symmetry  cf  Ronigen  Patterns  of  Tridinic  and  some  Rhombic  Crystals. 
Remarks  on  the  Diffraction-images  of  Quartz.  H.  Haga  and  F.  M.  Jaeger. 
<K.  Akad.  Amsterdam,  Proc.  18.  pp.  1552-1556, 1916.)— The  results  contained 
in  this  paper  are  given  as  a  sequel  to  previous  studies  of  a  similar  nature. 
Rontgenograms  of  the  following  triclinic  crystals  are  reproduced  :  Copper 
sulphate  (-*-5HtO),  diaspore,  potassium  dichromate,  olivine,  bronzite, 
lithium  sulphate,  quartz,  brucite,  antimonite.  Stereographical  projections 
are  also  shown  for  the  same  oystals.  The  observations  support  the  general 
conclusions  drawn  in  a  previous  paper.    [See  Abs.  686  (1916).J  A.  B.  W. 
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896.  A  Morse  Optical  Pyrometer  adapted  to  a  Wide  Range  of  Laboratory 
Uses,  W.  E.  Forsythe.  (Astrophys.  J.  48.  pp.  295-801,  May,  1916.)— The 
author  describes  various  mechanical  improvements.  The  telescope  is  in  two- 
parts,  connected  by  a  U-shaped  frame  mounted  on  a  stand  somewhat  similar 
to  a  spectroscope.  The  pyrometer  lamp  is  carried  in  a  special  holder  giving 
universal  motion.  Immediately  in  front  of  the  lamp  provision  is  made  for 
the  insertion  of  a  rotating  sector  for  reducing  the  intensity  of  the  incident 
radiation  by  a  definite  amount.  The  tube  holding  the  objective  lens  is  built 
up  in  sections,  an  arrangement  which  permits  of  a  magnification  from  a  little 
more  than;twice  to  a  focus  for  parallel  light.  Thus  it  is  possible  to  measure 
the  brightness  of  either  a  distant  object  or  of  a  lamp  filament  of  diam. 
0*1  mm.  The  pyrometer  lamps  are  specially  made  with  a  slight  bend  in  the 
centre  of  the  filament,  in  order  to  enable  the  observer  always  to  match  with 
the  same  portion  of  the  filament.  E,  G* 

897.  Thermal  Expansion  of  Tungsten  at  Incandescent  Temperatures.  A.  G, 
Worthing.  (Frank.  Inst,  J.  181.  p.  867,  June,  1916.)— Measurements  of 
change  in  length  with  temperature  were  made  on  straight  tungsten  filaments 
of  large  cross-section.  The  positions  selected  on  the  filaments  were  suflfi- 
ciently  removed  from  the  leading-in  wires  to  ensure  that  the  cooling  effects- 
were  negligible.  Using  the  temperature  scale  previously  determined  [see 
Abs.  576  (1916)]  it  was  found  that  for  the  region  1200°  K.  to  2700"^  K.  the 
following  relation  holds  : — 

(L  —  Uoo)/Uoo=:4-49  X  10-«  (T  -  800)  +  2-4  X  ia-»(T  —  800)», 

where  L  is  the  length  at  temperature  T  and  Lsoo  the  length  at  800^  K.  The 
formula  represents  also  the  single  value  at  room  temperature  (800^  K.).  The 
region  between  room  temperature  and  1200°  K.  is  to  be  included  in  the  final- 
publication.  J.  W.  T.  W. 

898.  Heat  Losses  from  Incandescent  Filaments  in  Air,  L.  W.  Hartman.. 
(Phys.  Rev.  7.  pp.  481-441,  April,  1916^)— Describes  a  new  determination  of 
the  conduction  and  convection  losses  of  filaments  of  platinum  sponge  between 
the  [black-body]  temperatures  700°  and  1700°  C.  These  temperatures  were 
measured  by  matching  the  brightness  of  the  filament  with  that  of  a  piece  of 
magnesium  oxide  enclosed  in  an  electric  furnace  the  temperature  of  whicb 
was  measured  both  thermoelectrically  and  by  means  of  a  Wanner  pjrrometer^ 
The  radiated  power  was  then  calculated  from  the  Stefan- Boltzmann  law,, 
using  Coblentz's  value  of  <t,  vjz.  5*61,  and  the  difference  between  this  and  the 
power  supplied  gave  the  sum  of  the  conduction  and  convection  losses.  This 
sum  is  approximately  proportional,  per  cm.  of  wire,  to  the  absolute  tempera- 
ture between  the  range  900°  to  1700°  abs.  In  order  to  separate  the  twa 
losses,  experiments  were  made  on  wires  enclosed  in  vacuum  vessels.  The 
difference  between  the  total  energ>'-losS  and  the  sum  of  the  radiation  and 
conduction  losses  thus  determined  was  taken  as  the  conduction  loss.  From 
these  data,  by  applying  the  method  of  least  squares  it  is  possible  to  compute 
the  constants  A  and  B  in  Lorenz's  formula  for  the  energy  losses  from  a 
radiator  in  air,  viz.  E  =  A(T<  —  TJ)  +  B(T  —  To)**.  J.  W.  T.  W. 
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890.  Relation  between  Colour  Temperature,  Apparent  Temperature,  True 
Temperature,  and  Monochromatic  Emissivity  of  Radiators,  P.  D.  Foote. 
(Washington  Acad.  Sci.,  }.  6.  pp.  817-828,  June  4, 1916.)— Forms  a  continua- 
tion of  an  earlier  paper  [see  Abs.  708  (1916)].  It  is  found  possible  to 
represent  the  emissivity  of  metals  for  wave-lengths  in  the  visible 
spectrum  and  over  a  moderate  temperature-range  by  the  expression 
k'e^^^^^^^f  where  A',  cj,  p,  and  q  are  constants  and  T  is  the  absolute 
true  temperature.  If  the  emissivity  is  constant  with  wave-length  as  in  a 
grey  body,  then  ^  =  0.  Variations  in  the  emissivity  with  temperature  are 
accounted  for  by  adjusting  q.  It  is  shown  that  at  the  temperature  (T)  of 
colour-match  between  a  black  body  and  a  non-black  body  (colour  temperature 
of  the  non-black  body)  1/T'  ==  (1/T)  — ^.  Further  it  is  shown  that  if  S  be  the 
apparent  temperature  of  the  non-black  body  for  a  wave-length  X,  then  if 
(1/S  —  l/TO  be  plotted  against  1/T'  the  resulting  curve  is  rectilinear  and 
of  slope  — X^/ct,  so  that  the  easily  measured  quantities  S  and  T'  may  be  used 
to  determine  q  and  so  give  the  temperature  coefficient  of  emissivity  (see 
expression  given  above  for  the  emissivity).  The  values  obtained  by  Hyde, 
Cady,  and  Forsythe  [see  Abs.  668  (1916)]  for  carbon  give  ga=  -h  462.  For 
tungsten  the  values  given  by  the  same  experimenters  lead  to  the  follow- 
ing expression  for  the  emissivity  : — A  =  0*804«^^^*^^^d<^"*'^^  where  X  is  in 
microns,  and  1/T  =  1/T' —  00000104.  The  agreement  between  the  com- 
puted and  observed  values  of  T'  is  remarkably  good.  From  the  above 
expression  the  emissivity  of  tungsten  at  temperatures  between  1700^  and 
2400°  abs.  and  for  wave-lengths  between  0*7 /i  and  0*4/*  have  been  calculated 
and  are  tabulated  in  the  paper.  For  platinum,  Waidner  and  Burgess'  values 
of  the  emissivity  at  the  melting-point  [see  Abs.  2024  (1906)]  gives  ^  =  0*0000186. 
This  makes  the  colour-temperature  of  Pt  at  the  melting-point  some  80°  higher 
than  the  true  temperature.  J.  W.  T.  W. 

900.  Luminosity  and  Temperature  of  Metals,  P.  D.  Foote.  (Washington 
Acad.  Sci.,  }.  6.  pp.  828-826,  June  4, 1916.)— In  a  previous  paper  [see  Abs.  702 
(1916)]  it  was  shown  that  the  luminosity  of  a  black  body  is  given  by 
L  =  P(d -h  ByXe -f- C)-^.  Assuming  that  the  emisdvity  of  a  non-black 
body  can  be  represented  as  in  the  preceding  abstract,  it  is  easily 
shown  that  the  luminosity  of  such  a  body  at  temperature  0  is  given  by 
V = M^^Pifi^  -h  B)i>(9'  4-  C)-^,  where  (1/^  =  (1/e)  ^p.  From  Hyde,  Cady, 
and  Forsythe's  determination  of  the  brightness  of  a  black  body  at  various 
temperatures  [see  Abs.  668  (1916)]  it  is  found  that  P  x  10-^  =  1*91,  while 
their  data  for  colour  temperature,  true  temperature,  and  apparent  temperature 
of  tungsten  give  A' s  0*808.  Using  these  values,  Langmuir's  determination 
of  6994  candles  per  cm.*  for  tungsten  at  the  melting-point  gives  a  tempera- 
ture of  8712°  abs.  If  Langmuir's  values  for  the  emissivity  are  used,  the 
melting-point  is  found  to  be  8660°  abs.  J.  W.  T.  W. 

90L  Selective  Radiation  from  Osmium  Filaments,  £.  F.  Barker.  (Phys. 
Rev.  7.  pp.  461-471,  April,  1916.) — Describes  an  investigation  to  determine 
whether  or  not  the  osmium  fikunent  exhibits  a  temperature  variation  of 
selectivity.  Photometric  measurements  were  made  on  three  glow-lamps 
with  osmium  filaments,  and  the  following  equations  derived  for  the  varia- 
tions with  voltage  of  the  watts  consumed  and  the  candle-power  radiated  : 
W»0i)26609V>  — 1-66072 V,  where  Vaslog  (volt  ratio),  and  Wssoorre- 
sponding  log  (watt  ratio) ;  and  C  =  -  1*24490  V>  —  8*91898  V,  where  V  =  log 
(volt  ratio)  and  C  as  log.  of  corresponding  candle-power  ratio.  A  comparison 
VOL.  XIX.— A.— 1916. 

Digitized  by  VjOOQIC 


836  SCIENCE   ABSTRACTS. 

of  the  luminoos  efficiencies  of  osmium  and  carbon  lamps  at  colour-match 
voltages  shows  that  osmium  is  a  highly  selective  radiator,  while  the  applica- 
tion of  Hyde's  criterion  for  the  detection  of  variations  of  emissivity  [see 
Abs.  1662  (1912)]  shows  that  the  emissivity  is  a  function  of  both  wave-length 
and  temperature.  A  method  is  descrit>ed  for  the  determination  of  the  relative 
shapes  of  the  energy  curves  for  two  filaments  when  the  best  possible  colour- 
match  has  been  obtained,  and  the  o^our  ratios  computed  under  various 
conditions  indicate  that,  when  the  extremes  are  matched,  the  curve  for 
osmium  is  somewhat  depressed  relative  to  that  for  carbon  in  the  middle 
portion  of  the  visible  spectrum.  Energy  curves  for  both  radiators  have 
been  obtained  in  the  infra-red  region  out  to  wave-lengths  of  2*4 /«,  and  the 
observations  show  that  the  two  c-annot  be  brought  into  coincidence  at  any 
voltage.  Here  again  are  marked  changes  of  emissivity  with  temperature. 
The  relations  of  the  energy  curves  in  the  infra-red  at  voltages  corresponding 
to  a  colour-match  in  the  visible  spectrum  show  that  the  osmium  radiation  is 
very  noticeably  deficient  in  energy  of  the  longer  wave-lengths.  It  is  shown 
that,  whereas  with  carbon  the  rate  of  increase  of  intensity  with  temperature 
increases  from  the  longer  towards  the  shorter  wave-lengths,  in  the  case  of 
osmium,  on  the  other  hand,  the  rate  of  increase  in  the  neighbourhood  of 
2*4  fi  is  greater  than  for  wave-lengths  2*098 /i  or  1750  |i.  It  is  suggested  that 
this  e£Eect  may  indicate  the  presence  of  an  emission  band.  J.  W.  T.  W. 

902.  The  Latent  Heat  of  Fusion  of  a  Metal  and  the  Quantum  Theory. 
H.  S.  Allen.  (Phys.  Soc.,  Proa  28.  pp.  204-209 ;  Disc.,  209-210,  June, 
1916.) — The  latent  heat  of  fusion  is  identified  with  the  energy  necessary  to 
counterbalance  that  of  a  certain  number  of  '^  oscillators "  concerned  in 
holding  together  the  crystalline  structure.  Assuming  that  the  energy  of  an 
oscillator  having  a  vibration  frequency  v  is  RT  [xl{e^  —  1)],  where  x  stands 
for  hv/RT,  it  is  found  that  the  atomic  heat  of  fusion  of  a  metal  can  be 
calculated  with  fair  accuracy  by  the  formula,  AL  =s  cNRT[4f/(tf*  —  1)],  Here 
A  denotes  the  atomic  weight,  L  the  latent  heat,  and  c  the  ratio  of  the  number 
of  oscillators  in  question  to  the  number  of  atoms.  Thus,  the  number  of 
oscillators  in  1  gm.-molecule  is  Nc,  where  N  is  Avogadro's  constant.  It  is 
found  that  to  the  factor  c  must  be  assigned  a  value  which  is  either  unity  or  a 
simple  fraction.  The  frequency  at  the  temperature  of  the  melting-point 
is  calculated  by  means  of  the  formula  of  Lindemana  The  application  of 
Debye's  theory  is  also  discussed.  Author. 

903.  Examples  of  the  Application  of  the  Method  of  Closed  Cycles.  E.  Bouty. 
(Journ.  de  Physique,  4.  pp.  761-769,  Dec,  1914.)— The  method  of  closed 
cycles  is  being  abandoned  more  and  more  in  the  application  of  the  prin- 
ciples of  thermodynamics  to  any  given  system,  recourse  being  made  to 
analytical  methods  involving  internal  energy  and  entropy.  From  the 
pedagogic  standpoint,  however,  the  geometric  method  of  cycles  has  the 
advantage  of  a£Fording  better  illustration  of  the  reality  of  physical  processes, 
while  being  more  intuitive  and  often  the  means  of  bringing  about  the  desired 
result  more  rapidly.  The  object  of  the  present  paper  is  to  illustrate  this 
latter  view-point  by  suitable  examples,  and  the  author  makes  no  claim  to 
originality.  The  cases  chosen  include  the  specific  heats  of  a  saturated  fluid, 
equilibria  in  homogeheous  gas  mixtures,  and  quantities  of  heat.  An  interest- 
ing case  is  that  of  water-vapour,  which  between  if  C.  and  lOOP  C.  is  iisually 
regarded  as  being  comparable  with  a  perfect  gas.  The  author  shows  that 
in  the  immediate  neighbourhood  of  liquefaction,  water-vapour  may  only  be 
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very  approximately  compared  to  a  perfect  gas.  Throughout  the  paper  the 
author  makes  use  of  the  lemma,  that,  when  a  closed  cycle  comprises 
isothermal  operations  executed  upon  perfect  gases,  it  is  allowable  to  abstract 
these  operations  when  applying  the  principle  of  equivalence,  since  in  them 
the  quantities  of  heat  involved  and  the  work  done  are  exactly  equivalent,  the 
internal  energy  being  invariable.  H.  H.  Ho. 

904.  Equation  of  State  for  Air,  tested  by  MeasHrements  of  the  Ratio 
between  the  Specific  Heats  and  of  the  Specific  Heats  themselves.  F.  A. 
Schulze.  (Ann.  d.  Physik,  49.  6.  pp.  669-684,  April  11,  1916.)— The 
values  of  x==f^/^v  ^or  air,  obtained  experimentally  by  Koch  [Abs.  1280 
(1908)],  from  the  velocities  of  sound  at  di£Eerent  temperatures  and  the 
isotherms  are  compared  with  the  values  calculated  from  the  van  der  Waals 
equation  of  state.  At  0^  the  agreement  between  observation  and  experi- 
ment is  very  good  throughout  the  whole  region  of  pressure  up  to  200 
atmos.  The  deviations  increase  with  the  pressure,  the  max.  value  being 
just  over  2  %  at  200  atmos.  For  ^79*8°  the  agreement  is  also  good  at 
moderate  pressures,  the  divergence  being  1-2  %  at  100  atmos. ;  at  higher 
pressures  the  difEerence  increases  rapidly  with  the  pressure  and  at  200 
atmos.  amounts  to  18  %.  The  principal  cause  of  the  divergences  is  the 
variability  of  /3,  the  ratio  of  the  intramolecular  to  the  progressive  energy. 

From  the  results  of  Koch's  measurements  the  equation  of  state, 
(p  +  al&"t^)l(v  —b)  =iR9,  is  derived  for  air,  the  values  of  a,  b,  and  n  being 
0*01278,  0*00186,  and  0*848  respectively ;  with  Berthelot's  simple  equation, 
in  which  n  =:  1,  Koch's  experimental  numbers  are  not  in  agreement.  Further, 
the  above  equation  is  in  good  accord  with  Holborn  and  Schultze's  recent 
measurements  of  the  isotherms  of  air  for  0°,  60^  100°,  160°,  and  200°  up  to 
about  100  atmos.  [Abs.  92  (1916)]. 

From  the  equations  (^)^=  ^"^  ^^  P^  ^^'(^  —  6)  —  a/e*»»,  a  formula 
is  derived  for  x  which  gives  numbers  in  satisfactory  agreement  with  the 
experimental  values. 

The  equation  of  state  for  air  given  above  is  shown  to  be  in  accord  with 
the  values  obtained  by  Holborn  and  Jakob  for  c^  at  69°  and  pressures  of 
1-200  atmos.  [Abs.  866  (1916)]  but  not  with  the  results  of  Joly's  investigations 
on  the  dependency  of  Ci,on  the  volume  (Phil.  Trans.,  128a,  p.  78, 1891),  which 
scarcely  indicate  any  increase  of  Cv  with  the  pressure,  owing  mainly  to  their 
large  probable  error.  In  the  case  of  COi,  however,  Joly's  observations  on 
the  variation  of  c^  with  the  pressure  are  in  good  agreement  with  theory. 

T.  H.  P. 

906.  Inversion  Curves  of  the  Joule-Thomson  Effect  for  Air.  F.  A.  Schulze. 
(Ann.  d.  Physik,  49.  6.  pp.  686-69B,  April  11, 1916.)— -The  non-dependence  of 
the  inversion  temperature  of  the  Joule-Thomson  e£Fect  on  the  pressure 
follows  only  when  certain  approximations  are  introduced  into  the  ordinary 
equation  of  state,  which  are  here  discussed.  The  inversion  curves  for  air, 
showing  the  connection  between  the  inversion  temperature  and  the  pressure, 
do  not  appear  to  have  been  measured  directly,  but  were  deduced  by  extra- 
polation by  Noell  (Dissertation,  Munich,  1914).  The  author  finds  that  Noell's 
curve  is  in  good  agreement,  at  least  for  regions  of  pressure  and  temperature 
not  too  near  to  the  critical  condition,  with  the  inversion  curve  deduced  from 
the  author's  equation  of  state  [see  preceding  Abs.]  and  hence  serves  as  further 
confirmation  of  the  accuracy  of  this  equation.  T.  H.  P. 

VOL.  XIX.— A. — 1916. 


Digitized  by  VjOOQIC 


388  SCIENCE    ABSTRACTS. 

906.  Ignition  of  Methane-Air  and  Hydrogen-Air  Mixtures  by  the  Impulsive 
Electric  Discharge.  S.  G.  Sastry.  (Chem.  Soc,  Trans.  109.  pp.  62&-'629,  May, 
1916.)— Thornton's  experiments  [see  Abs.  82,  88  (1916),  848  (1916)]  seem  to 
indicate  the  existence  of  ''stepped  ignition/'  continnous  alteration  of  the 
proportions  of  gas  and  air  in  an  explosive  mixture  being  accompanied  by 
discontinuous  alterations  in  the  spark  energy  required  for  ignition.  The 
author  has  made  many  experiments,  which  have  been  carefully  checked,  on 
mixtures  of  air  with  methane  or  hydrogen,  and  in  neither  instance  is  he  able 
to  obtain  any  indication  of  departiu-e  from  a  normal  smooth  type  of  curve, 
provided  that  care  be  taken  that  the  experimental  conditions  remain  unaltered 
throughout  the  measurements.  Thus,  the  rate  of  break  of  the  primary  circuit 
of  the  induction  coil  and  the  condition  of  the  secondary  spark*gap  must 
undergo  no  change.  As  regards  the  spark-gap,  its  magnitude  must  be 
constant,  and  it  is  essential  that  no  trace  of  dust  or  dirt  should  become 
attached  to  the  Pt-points,  since  otherwise  the  passage  of  the  discharge  would 
be  impeded.  Abnormal  values  of  the  ''igniting  current"  occasionally 
observed  were  found  to  be  due  to  the  condition  of  the  Pt  electrodes  and 
were  remedied  by  treatment  with  chromic  and  sulphuric  adds.  In  order  to 
avoid  possibility  of  error  from  such  a  cause,  a  standard  gas  mixture  was  tested 
between  each  pair  of  measurements.  T.  H .  P. 

907.  Second  Virial  Coefficient  for  Rigid  Spherical  Molecules  carrying  Quad- 
ruplets, W.  H.  Keesom  and  C.  van  Leeuwen.  (K.  Akad.  Amsterdam, 
Proc.  18.  pp.  1568-1571, 1916.  Supplement  No.  189c  to  Comm.  from  the  Phys- 
Lab.,  Leiden.) — Formulae  were  previously  given  rendering  it  possible  to 
develop  in  a  series  of  ascending  powers  of  T-*  the  second  virial  coefficient 
for  rigid  spherical  quadruplets— molecules  the  mutual  attraction  of  which  is 
equivalent  to  that  of  zonal  quadruplets  placed  at  their  centres  [Abs.  215 
(1916)].  More  terms  of  this  series  are  now  calculated,  so  that  it  may  now 
be  used  down  to  about  iTinT.(p  =  0),  or  for  hydrogen  down  to  about  96°  K., 
with  an  accuracy  of  1%  of  Bq©  ;  the  whole  region  above  the  Boyle  point  is, 
therefore,  included.  T.  H.  P. 

908.  The  Energy  Interchange  between  Matter  and  Ether,  T.  Wereide* 
(Ann.  d.  Physik,  49.  8.  pp.  976-1000,  May  28,  1916.)— Kircbhoffs  radiation 
laws  which  have  been  regarded  as  fundamental  in  recent  investigations  may 
be  summarised  in  two  statements,  namely :  (1)  The  radiation  state  of  the 
ether  in  the  case  of  stationary  equilibrium,  i,e.  the  dark  radiation,  is  a 
universal  property  which  depends  on  no  special  material  properties.  (2)  The 
radiation  of  a  special  material  substance  has  a  definite  relationship  with 
the  dark  radiation. 

According  to  the  theoretical  investigations  of  Planck,  this  dark  radi- 
ation may  be  further  characterised  by  the  introduction  of  a  new  universal 
constant,  while  recent  experiments  have  indicated  that  this  constant  plays  a 
fundamental  part  in  radiation  other  than  dark.  The  investigation  of  the 
energy  interchange  between  matter  and  ether  appears,  therefore,  to  be 
identical  with  that  of  discovering  the  nature  of  this  constant.  Since  the  latter 
is  a  universal  characteristic  it  is  necessary  to  see  whether  the  nature  of  the  dark 
radiation  may  be  rendered  explicable  via  the  electromagnetic  properties 
of  the  ether.  Should  a  complete  solution  not  be  available  by  this  method 
then  matter  itself  must  be  called  upon  to  assist  in  the  exj^anation.  Here 
caution  must  be  exercised  in  only  introducing  those  properties  of  matter 
VOL.  XIX.— A.— 1916. 


Digitized  by  VjOOQIC 


HEAT.  339 

which  are  universal.  Should  this  mode  of  attack  throw  light  upon  the 
nature  of  this  constant,  then  the  basic  mechanism  of  radiation  from  matter 
may  receive  interpretation. 

Section  I  of  the  paper  deals  with  the  constant  as  a  function  of  the  electro- 
magnetic properties  of  the  ether.  It  was  found  that  while  Maxwell's  equations 
demanded  the  existence  of  this  constant  yet  they  afforded  no  explanation  of 
its  nature.  Further  investigation  had  therefore  to  be  made,  and  in  Section  II 
the  constant  is  considered  as  a  function  of  a  null-point  energy.  From  this 
statistical  investigation  the  author  concludes  that  the  constant  is  bound  up 
with  the  existence  of  a  null-point  energy,  since  if  the  latter  be  vanishingly 
small  then  the  constant  becomes  infinitesimal.  Now  as  the  constant  is  not 
only  finite  but  may  be  determined  experimentally,  the  relationship  between 
the  constant  and  a  null-point  energy  requires  more  extended  consideration, 
and  Section  III  deals  with  it  as  a  function  of  the  exchange  between  ether  and 
matter.  If  XJ,  be  the  energy  and  v  the  frequency  of  a  wave-train  emitted  by 
a  linear  electric  oscillator  then,  while  their  values  may  change,  the  relation- 
ship Lint  (v/2[Jx)  =  l/h  must  always  be  preserved,  where  h  is  the  constant 
referred  to.  It  follows  that  in  emission  processes,  which  take  place  in  very 
short  intervals,  vl2\]jt  for  the  emitted  ether  waves  will  always  attain  the  max. 
value  1/A.  It  is  known  that  such  oscillators  are  physically  possible,  but  not 
whether  any  exist  which  promote  an  energy  exchange  between  matter  and 
ether.  The  author  therefore  considers,  as  a  last  step,  the  radiation  as  a 
function  of  the  actual  oscillators,  viz.  the  atoms.  Here  Rutherford's  atom 
model  receives  description  and  application.  The  following  result  was 
obtained  :  the  radiation  and  absorption  of  the  atom  takes  place  in  definite 
intervals  of  time,  and  in  order  that  radiation  or  absorption  can  occur  certain 
disturbing  elements  must  happen,  e^,  impact  of  molecules  or  certain  intensive 
ether  vibrations,  so  that  a  characteristic  number  of  the  nucleus  may  be  altered. 
Energy  therefore  is  only  emitted  and  absorbed  in  finite  intervals.  The 
general  case  of  atomic  spectra  is  next  considered,  and  finally  the  general 
theory  of  radiation,  of  which  atomic  radiation  is  a  special  example.  The 
particular  feature  of  atomic  radiation  is  not  that  the  emitted  energy  has  a 
quanta  character,  but  that  it  can  only  have  a  definite  value  dependent  on  the 
quanta-Hke  constitution  of  the  atom.  If  the  emitted  energy  could  possess 
any  value,  then  the  vibration  frequencies  are  shown  to  be  irregularly  dis- 
tributed over  the  whole  spectrum.  The  latter  will  be  the  case  when  the 
electrons  are  not  united  in  an  atom  but  are  free  to  move  throughout  a  given 
volume.  Whenever  an  electron  acquires  an  acceleration  by  impact  at  the 
boundary  surface,  energy  in  the  form  of  radiation  is  emitted.  The  difference 
between  atomic  radiation  and  the  above  is  that  the  vibration  frequencies  are 
irregularly  distributed  over  the  whole  spectrum,  thereby  giving  rise  to  a 
continuous  spectrum.  Between  the  strictly  regular  atomic  radiation  and 
the  entirely  irregular  variety  are  transitions. 

The  results  of  the  investigation  are  summarised  by  the  author  as  follows  : — 
The  law  of  dark  radiation  may  be  derived  from  the  continuous  electro- 
dynamic'  and  statistical-mechanidd  equations,  if  a  limiting  property  be 
ascribed  to  the  ether.  This  property  appears  in  the  form  of  a  null-point 
energy  in  the  oscillators.  In  order  to  explain  the  circumstance  that  the 
dark  radiation  may  be  regarded  as  an  electromagnetic  phenomenon  which 
depends  on  no  special  oscillator  properties,  the  limiting  relationship,  given 
earlier,  most  be  regarded  as  applicable  to  every  energy-exchange  between 
ether  and  matter.  H.  H.  Ho. 
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THEORY,  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

909.  Electrodynamics  of  Conductors,  P.  Duhem.  (Comptes  Rendus, 
152.  pp.  887-842,  March  6, 1916.)— The  author,  in  a  previous  paper  [Abs.  802 
(1916)],  showed  that  in  the  case  of  indeterminateness  of  the  problem  of 
•electromagnetic  reflection  and  refraction  at  a  plane  surface  separating  two 
non-conducting  homogeneous,  isotropic  dielectrics,  the  indetermination  can 
be  very  simply  obviated,  provided  the  total  electric  and  magnetic  fields  only 
are  considered,  by  the  addition  of  a  simple  condition  to  be  satisfied  by  the 
potential  of  the  longitudinal  component  of  the  electric  field.  It  is  here  shown 
that  an  analogous  condition  may  be  found  which  solves  the  same  problem, 
either  in  the  case  of  two  non-dielectric  conductors,  of  a  non-dielectric  con- 
ductor, or  a  non-conducting  dielectric.  He  finds,  moreover,  that  any  metallic 
•conductor  may  be  considered  as  sensibly  non-dielectric.  G.  W.  db  T. 

910.  Motionof  Electricity  in  a  System  of  Dielectrics.  P.  Duhem.  (Comptes 
Rendus,  162.  pp.  491-495,  April  8, 1916.)— Equations  previously  obtained  by 
the  author  [Abs.  718,  802  (1916)]  are  shown  to  lead  to  the  conclusion  that  in 
any  dielectric,  or  system  of  dielectrics,  of  unit  magnetic  permeability,  the 
total  electric  field  at  every  point  and  every  instant  is  uniquely  determined 
by  the  instantaneous  values  over  the  whole  of  the  boundary ;  and  hence 
that  the  motion  of  electricity  within  the  boundary  is  uniquely  determined  by 
the  foregoing  initial  conditions,  together  with  the  electrostatic  potentiaL 

G.  W.  DE  T. 

911.  Electrodynamics  of  a  System  of  Stationafy  Conductors,  P.  Duhem. 
<Comptes  Rendus,  162,  pp.  542-547,  April  10, 1916.)— The  author  here  shows 
that  the  results  already  obtained  [see  two  preceding  Abs.],  supplemented  by 
a  theorem  due  to  Roy  [next  Abs.] ,  lead  by  mere  analysis  to  the  following 
general  theorem : — ^The  motion  of  electricity  in  any  conductor,  or  system  of 
homogeneous  conductors,  will  be  uniquely  determined  if  there  be  given  at 
«very  point  of  the  boundary  and  at  every  instant,  the  three  components  of  the 
total  electric  field  and  the  normal  component  of  the  longitudinal  field ;  or 
the  four  functions  O,  P,  Q,  R,  in  terms  of  which  the  total  components  are 
expressed  by  means  of  the  three  equations  I  =  —  "d^fdx  -f  •<)Q/d«  —  'bRfdy,  etc., 
or  simply  by  theiderivates  of  these  functions  with  respect  to  /. 

It  i&  further  shown  that  the  only  true  periodic  oscillations  in  a  system 
containing  conductors  leave  the  magnitude  and  direction  of  the  total  electric 
field  unchanged  at  every  point  of  any  body  which  is  not  perfectly  dielectric. 
True  electric  oscillatious  are  therefore  possible  only  in  absolutely,  non- 
conducting dielectrics.  G.  W.  de  T. 

912.  Electrodynamics  of  Absorbing  Media.  L.  Roy.  (Comptes  Rendus, 
162.  pp.  468-^70,  March  27,  1916.)— The  author  shows  that  Duhem's  pro- 
cedure [see  preceding  Abs.]  may  be  applied  in  the  more  general  case  of  a  pair 
of  absorbing  media,  i.e.  a  pair  of  homogeneous  and  isotropic  media,  which 
are  simultaneously  dielectric,  conducting,  and  magnetic.    It  is  shown  that 
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where  Ti  and  Ti  are  the  longitudinal  components  at  the  surface  of  separation 
of  two  such  media,  the  following  equation  must  be  satisfied  : — 

!)»/()/». <Ti/|t)i  +  Ki2)T,/<)/)  =2)»/()/«.  (T,lpt  +  K,2)T,/2)0. 

If  the  field  were  entirely  longitudinal,  T  would  be  continuous,  so  that  this 
would  become 

D»ft/» .  [(l/|t>i  -  l/p.)T  +  (Ki  -  K,) .  ITfbf]  « 0, 

which  is  not  generally  possible,  showing  that  in  the  case  of  such  media  the 
electric  field  cannot,  in  general,  be  entirely  longitudinal.  G.  W.  de  T. 

913.  On  Changes  in  the  Shape  of  an  Electron  in  the  Gravitational  Field  and 
the  Dependence  of  the  Mass  Units  on  Gravitational  Potential.  J.  Ishiwara. 
(Tohoku  Univ.,  Sci.  Reports,  6.  No.  1.  pp.  46-62,  1916.)— The  author  has 
previously  developed  a  relativity  theory  of  gravitation  which  rests  upon  the 
fundamental  premise  that  the  velocity  of  light  in  vacuo  plays  the  role  of 
the  gravitational  potential  [see  Abs.  762  (1916)].  The  inert  mass  of  a  definite 
material  structure  at  rest  thereby  remains  constant,  and  is  identical  with  the 
gravitational  mass.  The  electron  is  here  regarded  as  an  elementary  material 
structure.  The  equations  of  field  and  of  motion  as  shown  by  Nordstrom 
[Abs.  1487  (1914)]  can  then  be  thrown  into  vector  equations  of  a  five-fold 
variety,  which  corresponds  to  a  physical  universe  of  a  five-dimensional 
character.  The  author  has  further  shown  that  a  definite  property  must  be 
ascribed  to  the  electron  in  order  that  the  complete  6-dimensional  equation 
of  motion  may  be  derived  from  a  suitably  formulated  principle  of  work. 
The  shape  of  the  electron  when  at  rest  should  be  spherical,  and  the  mass  as 
well  as  the  charge  should  be  uniformly  distributed  upon  the  surface,  as  the 
external  force  potential  within  its  volume  does  not  change  perceptibly.  The 
author  finds  that  the  radius  of  the  electron  changes  inversely  proportional  to 
the  external  gravitational  potential.  The  inner  gravitational  potential,  as  well 
as  the  electrostatic  potential  of  the  electron,  is  proportional  to  the  external 
gravitational  potential.  This  dependence  of  the  radius  on  the  gravitational 
potential  is  a  special  property  of  the  electron.  The  author  finally  discusses 
the  bearing  of  these  results  on  the  dependence  of  mass  units  on  gravitational 
potential.  H.  H.  Ho. 

914.  Electron  Theory  of  Metals,  A.  March.  (Ann.  d.  Physik,  49.  ^^ 
pp.  710-724,  May  6,  1916.) — Mathematical  treatment  with  special  reference 
to  certain  metals  (gold,  silver,  copper,  platinum,  lead,  and  aluminium),  and 
calculations  and  graphs  relating  to  them.    [See  Abs.  1240  (1912),  1976  (1918).] 

E.  H.  B. 

916.  Spuific  Inductive  Capacity  of  Certain  Metals.  F.  Sanford.  (Science, 
48.  pp.  769-760,  May  26, 1916.  Paper  read  before  the  Pacific  Phys.  Soc.)— It 
is  well  known  that  in  the  spectra  of  a  nimiber  of  metals  series  of  lines  have 
been  found  whose  wave-lengths  may  all  be  computed  from  a  simple  formula. 
In  all  these  cases  the  wave-lengths  converge  towards  a  shortest  possible 
wave-length  for  the  series.  In  the  group  of  the  alkali  metals  a  spectral 
series,  whose  convergence  wave-length  is  shorter  than  any  known  wave- 
length in  the  spectrum  of  the  respective  metal,  is  known  for  each  element* 
It  is  assumed  that  these  convergence  wave-lengths  represent  the  shortest 
wave-lengths  that  can  exist  in  their  respective  atoms,  and  that  the  orbital 
radius  of  the  electron  whose  vibration  frequency  would  give  the  con- 
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vergeiKe  number  is  the  true  radius  of  the  central  positive  atom.  Heyd- 
weiller's  atomic  radii  are  taken  as  the  orbital  radii  of  the  electrons  whose 
vibration  frequencies  would  give  the  convergence  numbers  of  the  principal 
series  in  the  alkali  metals,  and  the  centripetal  forces  required  to  hold  these 
electrons  in  their  orbits  are  calculated.  Then,  assuming  the  inverse  square 
law  for  the  attraction  between  an  electron  and  its  central  positive  charge,  the 
force  of  attraction  upon  an  electron  at  unit  distance  from  the  centre  of  its 
orbit  is  calculated  for  each  element  If  the  central  positive  charges  of  the 
atoms  were  the  same  for  different  elements,  then  these  central  forces  should 
be  the  same.  They  are,  however,  found  not  to  be  the  same.  The  positive 
charges  of  these  atoms  have  previously  been  computed  by  the  author  from 
electrol3rtic  data.  The  charges  here  computed  are  not  proportional  to  those 
formerly  computed ;  hence  the  assumption  that  the  atoms  of  the  different 
elements  have  different  S.I.C/s  seems  to  be  justified.  These  S.I.C.'s  may  be 
computed  by  dividing  the  charges  of  the  atoms  by  the  respective  forces 
which  they  exert  upon  an  electron  at  unit  distance.  The  S.I.C.'s  are  calcu- 
lated in  this  way  for  the  18  elements  for  which  the  convergence  numbers, 
atomic  radii,  and  atomic  charges  have  been  computed.  Since  it  is  only  for 
the  alkali  metals  that  the  convergence  numbers  are  known  to  belong  to  the 
principal  series,  it  is  only  to  these  elements  that  we  can  be  sure  that  the 
above  arguments  apply.  However,  the  computed  S.I.C.'s  are  proportional 
to  the  serial  numbers  of  Rydberg  for  10  of  the  18  elements,  and  for  the  other 
three  (Zn,  Cd,  and  Tl)  they  increase  with  the  serial  numbers  just  half  as  fast 
as  they  do  in  the  case  of  the  other  elements.  The  S.I.C.'s  here  computed  are 
also  shown  to  vary  with  the  same  atomic  properties  which  vary  with  the 
measured  S.I.C.'s  of  non-metallic  elements.  It  is  also  shown  that  the  S.I.C.'s 
of  these  elements  are  proportional  to  their  respective  atomic  radii.  This 
would  make  the  centripetal  force  upon  electrons  revolving  about  and  very 
near  to  these  different  atoms  proportional  to  the  inverse  third  power  of  their 
orbital  radii.  This  is  shown  to  be  the  relation  that  must  hold  in  order  that 
the  kinetic  energy  of  different  electrons  shall  vary  as  their  frequency,  as  is 
assumed  in  Planck's  law,  and  is  apparently  shown  in  the  case  of  electrons 
expelled  by  the  action  of  ultra-violet  light  upon  metals.  The  relative  S.I.C.'s 
4which  have  been  calculated  are  as  follows  : — 

Li  86-9  Mg 184 

Na 127  Ca  196 

K 288  Sr  412 

Rb 487  Ag 466 

Cs  667  Cu 846 

If  the  orbital  radius  of  the  outermost  electron  of  a  series  be  taken  as  the 
atomic  radius  instead  of  that  of  the  innermost  electron,  it  will  not  change  the 
order  of  values  of  the  S.I.C.'s  calculated  as  above.  A.  W. 

916.  Atmospheric  Electrical  Variations  at  Sunrise  and  Sunset,  E.  H. 
Hichols.  (Roy.  Soc.,  Proc.  92.  pp.  401-408,  July  1,  1916.)— Observations 
of  the  positive  and  negative  charge  per  cm.',  the  air-earth  current,  and  the 
conductivity  were  made  with  two  Ebert  electrometers  and  a  Wilson  com- 
pensating gold-leaf  electroscope.  Potential  gradients  were  measured  from 
the  charts  of  the  Kelvin  water- dropper.  The  two  Ebert  instruments  were 
used  to  record  the  simultaneous  values  of  the  positive  and  negative  charges 
per  cm.*.  Three  consecutive  5-minute  readings  were  taken  immediately 
"before  sunrise  or  sunset  and  three  immediately  after.  Taking  the  means  of 
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the  16  minutes  before  and  of  the  15  minutes  after  sunset,  it  is  apparent  that 
a  decrease  of  about  20  %  occurs  in  all  the  quantities  (positive  charge, 
negative  charge,  air-earth  current,  and  conductivity)  at  the  time  of  sunset 
The  individual  5-minute  readings  show  that  this  is  not  brought  about  by 
a  sudden  change  at  the  instant  of  sunset,  but  by  a  gradual  decrease  through- 
out the  whole  80  minutes  in  all  the  elements.  The  effect  seems  to  be  as 
strong  in  the  winter  months  as  in  the  summer.  The  sunrise  readings  show 
that  the  effect  is  not  so  pronounced  at  sunrise  as  at  sunset.  A  similar 
investigation  was  carried  out  on  the  potential  gradient,  making  use  of  two 
years'  records  from  the  water-dropper.  There  is  generally  an  increase  in 
potential  gradient  both  at  sunrise  and  sunset.  This  is  well-marked  in  the 
winter  but  negligible  in  the  summer.  Again  there  is  no  sudden  change  at 
the  instant  of  sunrise  or  sunset,  but  a  gradual  one  throughout  the  80  minutes. 
The  effect  was  tried  of  applying  a  correction  for  the  diurnal  variation  of 
potential  gradient  at  the  appropriate  time  of  day,  and  it  was  found  that  after 
doing  this  the  sunrise  and  sunset  effects  were  still  apparent.  J.  S.  Di. 

917.  Ball  Lightning  on  Puy  de  Dome,  E.  Mathias.  (Comptes  Rendus, 
162.  p.  642,  April  25,  1916.)--On  April  15,  1916,  the  phenomenon  of  ball 
lightning  was  observed  on  three  occasions— at  18h.  20m.,  18h.  80m.,  and 
18h.  50m.,  taking  the  form  of  a  brilliant  fireball  with  somewhat  hazy 
contour,  afterwards  changing  to  an  oval  with  long  axis  horizontal.  The 
discharges  appeared  sensibly  stationary,  and  lasted  for  some  2  or  8  sees. 
Their  colour  was  white  tinted  slightly  mauve.  C.  P.  B. 


DISCHARGE  AND  OSCILLATIONS. 

918.  Theory  of  lonisation  by  Collision,  K.  T.  Compton.  (Phys.  Rev. 
7.  pp.  489-496,  April,  and  pp.  501-507,  and  508-617,  May,  1916.)— In  the  first 
paper  of  this  series  exact  expressions  are  obtained  for  the  velocity  distribu- 
tion among  the  negative  ions  of  inelastic  gases  and  approximate  expressions 
for  this  distribution  in  elastic  gases  and  mixtures. 

In  the  second  paper  an  expression  is  derived  for  a,  the  number  of  new 
ions  formed  by  inelastic  impacts  of  a  negative  ion  in  1  cm.  of  path,  and  this 
expression  is  found  to  receive  good  experimental  support. 

In  the  third  paper  the  functional  relation  between  a,X  and  p  (where  X  is 
the  potential  gradient  and  p  is  the  pressure)  is  derived.  Also  an  equation  for 
a  is  obtained  which  conforms  to  the  best  experimental  data.  The  departure 
of  some  experimental  data  from  this  theory  is  shown  to  arise  from  the 
use  of  impure  gases. 

In  all  the  discussion  it  is  assumed  that  velocities  due  to  thermal  agita- 
tion are  negUgible  and  that  no  complex  ions  or  clusters  are  formed  in  the 
experiments.  E.  H.  B. 

919.  The  Existence  of  an  Atomic  Structure  in  Electricity,  The  Phenomena 
of  Photoelectric  Effects,  D,  Konstantinowsky.  (Ann.  d.  Physik,  49.  8. 
pp.  881-906,  May  28, 1916.)— This  is  a  reply  to  a  criticism  by  E.  Meyer  and 
W.  Gerlach  of  the  author's  previous  work  on  the  subject  [see  Abs.  1122, 
1806  (1915)  and  11  (1916)].  An  introduction  gives  an  historical  survey 
of  the  question,  and  the  rest  of  the  paper  is  subdivided  as  follows : — 
Criticism  of  the  atomicity  of  photoelectric  effects  ;  Criterion  on  the  existence 
of  an  atomic  structure  ;  Application  of  the  criteria  in  the  measurements  of 
£.  Meyer  and  W.  Gerlach  ;  Comparison  of  the  deviations  with  the  expected 
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experimental  errors;  Determioation  of  absolute  values  from  the  resistance 
laws  ;  The  method  of  Meyer  and  Geriach  for  the  determination  of  absolute 
values ;  Meyer  and  Gerku^h's  proof  of  the  ccarectness  of  their  method  of 
calculation ;  The  Brownian  movements ;  and  a  complete  summary  of  the 
conclusions  arrived  at.  A.  E.  G. 

920.  Variation  of  the  Positive  Emission  Currmtsfrom  Hot  Platinum  with  the 
Applied  P,D.  O.  W.  Richardson  and  C.  Sheard.  (Phil.  Mag.  81.  pp.  497- 
606,  June,  1916.)— The  incentive  to  the  present  investigation  was  an  observation 
recorded  by  one  of  the  authors  to  the  e£Fect  that  when  a  fresh  metal  wire  is 
positively  charged  and  heated  in  a  vacuum  the  relation  between  current  and 
e.m.f .,  when  due  allowance  is  made  for  the  decay  of  the  current  with  time,  is 
approximately  linear,  although  it  is  known  that  no  measurable  quantity  of 
negative  ions  is  emitted  by  the  wire  at  the  temperature  of  the  experiment* 
Since  it  would  be  expected  that  saturation  should  occur  with  a  quite  small 
potential  under  these  circumstances,  this  phenomenon  seemed  to  call  for 
further  examination.    The  experiments  have  been  made  with  two  forms  of 
testing  vessel :  (1)  a  glass  tube  in  which  the  electrodes  are  a  loop  of  heated 
Pt-wire  and  a  Pt-plate,  (2)  a  brass  cylinder  with  an  axial  Pt-wire.    The  wires 
are  heated  electrically,  the  temperature  being  controlled  and  measured  by 
placing  the  wires  in  one  arm  of  a  Wheatstone  bridge,  which  was  actuated  by 
the  main  heating-current  in  the  usual  way.    Successive  curves  showing  the 
relation  between  the  current  and  applied  voltage  at  di£Ferent  times  are  given. 
The  first  current-e.m.f .  curve  was  not  completed  until  about  2|-  hours  had 
elapsed  from  the  commencement  of  the  heating,  as  some  time  was  occupied  in 
preliminary  adjustments.  The  curve  is  slightly  convex  to  the  voltage  axis,  but 
is  almost  linear,  in  agreement  with  the  one  referred  to.    The  approximately 
linear  relation  did  not  hold  down  to  V  =  0,  but  the  cui'ves  became  concave 
to  the  voltage  axis  at  low  voltages.    As  the  heating  of  the  wire  was  continued 
the  first  effect  vtras  to  rotate  the  curve  about  the  origin  towards  the  potential 
axis.    This  corresponds  to  a  decay  of  the  currents  in  approximately  equal 
proportions  at  all  potentials.    With  further  heating  the  curves  developed  a 
fiat  region  in  the  middle.    With  subsequent  heating  the  increased  current 
above  280  volts  continues  to  decrease  faster  than  the  currents  of  lower 
voltages,  until  after  80  homrs  it  is  scarcely  noticeable.    After  heating  the 
wire,  which  was  positively  charged,  to  a  relatively  high  temperature  (718°  C), 
and  subsequently  observing  at  the  original  temperature  (462°),  the  resulting 
current-e.m.f.  curves  are  very  p>eculiar :  they  are  characterised  by  a  very 
sharp  maximum  at  about  240  volts,  which  is  more  marked  with  descending 
than  with  rising  potentials.    It  seems  that  these  peculiarities  might  be  due 
to  the  gla^  insulation  becoming  charged  to  a  high  potential  under  the 
influence  of  the  copious  emission  of  positive  ions  which  had  occurred  at 
the  higher  temperature.     The  brass    tube   apparatus  was  therefore  con- 
structed in  order  to  eliminate  this  possibility.    The  curreot-e.m.f.  curves 
for  low  potentials  are  peculiar,  although  similar  observations  have  beet 
recorded  before.    The  current  is  greater  in  the  Neighbourhood  of  2-4  volts 
than  it  is  at  somewhat  higher  potentials,  indicating  that  one  of  the  effects  of 
increasing  the  applied  potential  is  to  diminish  the  number  of  systems  giving 
rise  to  the  emission.    After  continued  heating  the  results  show  a  tendency  to 
become  more  irregular,  but  the  main  features  are  obtained  too  frequently 
to  be  likely  to  be  due  to  observational  errors.    These  features  are :  (1)  A 
steady  rise  to  a  flat  region  between  80  and  160  volts,  (2)  a  further  rise  from 
160  to  280  volts,  followed  by  (8)  a  comparatively  flat  region  between  820  and 

VOL.  XIX.— A.— 1916. 


Digitized  by  VjOOQIC 


ELECTRICITY  AND  MAGNETISM,  345 

400  volts*  This  type  of  curve  seems  to  point  to  the  existence  either  of  two 
different  types  of  ions  or  of  two  different  processes  involved  in  the  emission. 
These  particular  indications  of  duplicity  were  not  noticeable  in  the  first 
apparatus. 

The  experiments  show  that  the  freshening  action  produced  by  admitting 
air  dimini^es  with  successive  repetitions  of  the  process,  but  a  stage  has  not 
bieen  reached  at  which  the  air  ceases  to  produce  an  effect.  The  effect 
occurred  both  when  th^  inner  siurface  of  the  brass  tube  was  left  untouched 
and  when  it  was  thoroughly  scraped  with  emery-paper*  The  increased  sen- 
sitiveness could  not  be  removed  by  mere  pumping.  Similar  effects  were 
observed  when  the  wire  was  raised  for  a  time  to  a  higher  temperature  than 
that  at  which  the  observations  of  the  positive  current  were  made.  The 
changes  were  more  pronounced  when  the  hot  wire  was  negatively  charged 
and  discharging  electrons  to  the  cold  electrode  during  the  temporary  heating. 
It  appears  that,  with  successive  treatments,  the  tube  gets  into  such  a  state 
that  the  passage  of  a  negative  discharge  from  the  wire  at  a  higher  tempera- 
ture produces  an  increase  in  the  positive  emission,  subsequently  measured 
at  the  original  lower  temperature,  which  does  not  increase  with  the  applied 
potential  at  high  potentials.  The  progressive  increase  of  the  currents,  with 
increasing  p.d.,  which  has  been  recorded  in  the  various  cases  tested,  might 
be  due  to  a  variety  of  causes.  It  is  shown,  however,  that  it  must  be  due 
either  to  an  effect  of  the  electric  field  on  the  emission  at  the  hot  wire,  or  to 
an  effect  which  it  may  produce  indirectly  by  the  impact  of  the  ions  on  the 
negative  electrode.  Some  experiments  lead  to  the  conclusion  that  the  second 
of  these  alternatives  is  the  correct  one. 

In  these  experiments  it  appeared  that  the  large  currents  at  high  potentials - 
could  be  cut  down  by  the  application  of  rather  small  transverse  magnetic 
fields,  indicating  that  the  carriers  of  part  of  the  discharge  were  negative 
electrons  liberated  at  the  cold  electrode.  However,  further  experiments 
showed  that  this  influence  of  a  magnetic  field  was  not  always  to  be  relied 
on,  so  that  the  results  of  this  test  cannot  be  regarded  as  decisive.        A.  E.  G. 

921.  Variation  of  Thermionic  Currents  with  Potentials.  H.  Lester.  (Phil. 
Mag.^Bl.  pp.* ^9*^59,  June,  1916.) — Experiments  seem  to  show  conclusively 
th^t  atthe  cold  electrode,  ionisation  of  a  volatile  film  could  not  account  for 
the  observed  lack  of  Saturation,  and  that  there  could  be  no  considerable 
amotmt  of  vapour,  around  the  hot  surface.  Since  these  hypotheses  con- 
cerxung  the.  location  of  the  phenomena  causing  lack  of  saturation  are 
apparently  untenable,  there  remains  only  the  hypothesis  that  the  effect 
is  due  to  actions  at  the  hot  surface.  To  get  at  the  nature  of  these 
phenomena  a  detailed  study  of  the  peculiarities  connected  with  initial  emis- 
sions was  undertaken.  In  all,  28  different  wires  were  studied  under  various 
conditions  of  purity,  surface-cleanness,  pressure,  etc.  It  was  known  that 
water-vapour  a<^vely  modifies  thermionic  currents,  so  water-vapour  was 
in  all  oases  excluded  from  the  apparatus.  In  part  oi  the  experiments  the 
wires  were  grayed  with  salts,  and  in  some  cases  they  were  heavily  coated 
with  CaO  or  BaO.  It  is  shown  that  there  is  an  initial  growth  in  the  value  of 
lack  of  saturation,  and  that  there  is  a  peculiar  over-shooting  effect.  These 
facts,  together  with  more  generally  known  behaviour  of  initial  thermionic 
onrreats;  indicate  that  the  observed  peculiarities  oi  initial  thermionic  emis- 
stoni  may  be  eicpkined  as^due  to  the  influence  of  ionised  surface-films.  In 
an  appended  note  some  curious  glow  effects  obtained  with  CaO  and  BaO 
kathodes  are  described.  A.  E.  G. 
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922.  Potential  Measurements  in  the  Nickel  Arc.  W.  Frey.  (Ann.  d*. 
Physik,  49.  8.  pp.  987-966,  May  28,  1916.)— Describes  research  on  the 
potential  gradients  in  the  nickel  arc,  and  on  the  way  these  are  affected  by- 
variations  of  gas  pressure,  length  of  arc,  current,  and  temperature.  The- 
same  typical  forms  of  arc  were  observed  with  nickel  as  have  previously  been 
observed  with  copper  and  iron  by  Hagenbach  and  Veillon,  and  photographs- 
were  taken  of  the  arc  in  air  and  in  nitrogen.  With  the  arc  burning  in  an 
atmosphere  of  coal-gas  at  about  20  mm.  pressure,  distinct  striatioas  were 
obtained.  Measurements  of  the  potential  and  current  for  the  arc  in  nitrogen^ 
show  that  the  Ayrton  equation  is  not  satisfied.  The  watt-current  curves  are 
always  straight  Unes,  which  meet  in  a  point  to  the  left  of  the  watt  axis.  The 
curves  relating  watts  with  arc-length  are  all  convex  towards  the  watt  axis- 
The  influence  of  the  gas  pressure  on  the  potential-fall  across  the  arc  is  only  very 
slight,  and  no  effect  of  the  gas  pressure  on  the  aiiode-  and  kathode-falls  could  be- 
detected  by  the  test  electrodes  used.  It  was  found,  however,  by  means  <rf  the- 
test  electrodes,  that  the  anode-  and  kathode-falls  decrease  slightly  with  in- 
creased current  strength,  also  that  the  kathode^fall  is  somewhat  greater  tha»- 
that  at  the  anode.  The  kathode- fall  is  independent  of  the  arc  length  ;  and  so- 
the  anode-fall  increases  with  the  arc  length.  The  potential  gradient  in  the 
gas  column  of  the  arc  is  practically  constant  for  different  arc  lengths,  though 
it  is  slightly  greater  for  very  long  arcs.  This  latter  result  is  perhaps  to  be 
explained  t>y  the  temperature  effect  of  the  electrodes  in  short  arcs  on  the- 
gradient  in  the  gas  column.     [See  Abs.  1672  (1900).]  A.  W.. 

923.  Electrical  Discharge  between  Concentric  Cylindrical  Electrodes,  C.  T.> 
Knipp.  (Science,  48.  pp.  787-789,  June  2,  1916.) — ^Thesc  experiments  with 
concentric  cylindrical  electrodes  were  performed  in  class  demonstration.. 
The  discharge  consists  of  an  ordinary  8-qaart  battery  jar.  A  hole  bored 
through  the  bottom  receives  the  evacuating  tube,  the  junction  being  made- 
airtight  with  ordinary  sealing-wax.  The  lip  of  the  jar  is  ground  flat  ta 
receive  the  plate-glass  lid.  The  electrodes  are  concentric  cylinders  and  may^ 
be  made  of  sheet  Al— one  electrode  to  fit  the  inner  wall  of  the  jar,  and  the 
other  mounted  on  a  cylinder  of  glass  tubing  about  1^  in.  diam.,  which  in  turn 
is  supported  accurately  concentric.  Outside  connections  to  the  electrodes* 
are  made  by  fine  bare  copper  wire  nm  out  through  the  wax  joints.  The^ 
potential  employed  to  produce  the  discharge  was  furnished  by  a  high-potential 
storage  battery  of  1000  volts.  Two  methods  of  operating  are  described* 
This  form  of  discharge  vessel  offers  a  method  for  the  study  of  the  striationS' 
and  their  relative  spacing  with  reference  to  the  impressed  discharge  potentials.. 
These  effects  are  best  shown  when- the  vacuum  is  not  too  high  and  the- 
discharge  potential  is  adjusted  to  give  on  the  kathode  (inner  cylinder)  a  patch, 
about  1  cm.'  in  area.  A.  E.  G.- 

924.  Length  of  Kathodic  Dark  Space.  G.  Zanobini.  (N.  Cimento,  11^ 
pp.  198-206,  March-April,  1916.) — The  author  has  made  experiments  in  order 
to  ascertain  the  manner  in  which  the  length,  d^  of  the  kathodic  dark  space- 
depends  on  the  current  density  9  and  has  also  compared  the  values  of  d  with 
those  of  the  pressure  p  when  the  electrodes  used  fill  completely  the  discharge- 
tube.  Cylindrical  tubes  were  employed  with  equal  Al  electrodes,  the  distance 
between  the  latter  being  kept  constant  even  in  tubes  of  different  diams^  and, 
their  distance  from  the  extremities  of  the  tube  as  small  as  possible.  The 
usual  precautions  were  taken.  The  minimal  values  of  the  intensity,  t,  were 
such  that  the  surface  of  the  kathode  was  completely  covered  liy  the  negative^ 
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light,  but  excessive  intensities  were  avoided  io  order  to  prevent  such  compli- 
cations as  emission  of  gas  from  the  electrodes,  heating  of  the  gas,  etc.  The 
variation  in  d  is  found  to  become  less  marked  as  the  current^density  increases. 
Thus,  in  narrow  tubes  with  relatively  high  initial  current-density,  variations  of 
i  are  small,  and  in  tubes  of  very  small  diam.  they  are  scarcely  perceptible. 
It  has  been  found  that,  with  increase  of  i,  the  positive  column  modifies  in  the 
sense  corresponding  with  a  diminution  of  pressure.  The  results  now  obtained 
show,  on  the  other  hand,  that  the  incre^oe  of  i  is  accompani«l  in  the  kathodic 
region  by  consequences  analogous  to  those  due  to  increase  of  pressure.  If 
such  hypothetical  increase  of  pressure  be  due  to  numerical  hicrease  of  the 
positive  ions  condensed  before  the  kathode,  the  use  of  a  perforated  kathode 
with  a  large  part  of  the  discharge  tube  beyond  it  should  obviate  or  restrict 
the  increase  of  pressure  and  also  the  consequent  variation  in  length  of  the 
dark  kathode  space ;  experiment  shows  that  this  is  actually  the  case.  As 
regards  the  dependence  of  d  on  the  pressure,  the  relation  <f  =  a  -f  b/p,  deduced 
by  Thomson  from  Eberf  s  results,  is  found  to  hold  fairly  well,  the  values  of 
the  constants  changing  abruptly  at  a  certain  critical  pressure,  which  depends 
not  merely  on  the  natiu-e  of  the  gas,  but  also  pn  the  dimensions  of  the 
discharge  tube  and  of  the  kathode.  T.  H.  P. 

926.  Influence  of  Magnetic  Field  upon  a  Charged  Conductor  in  Rarefied  Air, 
A.  Righi.  (Comptes  Rendus,  162.  pp.  670-678,  May  1, 1916.)— The  results 
here  described  show  under  a  new  form  some  results  obtained  during  some 
previous  experiments  [Abs.  128,  646  (1911)].  iThe  hypothesis  of  magneto- 
tonisation  was  introduced  as  the  result  of  those  experiments.  A  tube  contain- 
ing air  at  0*1  mm.  pressure  has  two  coaxial  cylindrical  electrodes,  A  and  B^ 
5  cm.  long,  A  being  5  mm.  and  B  20  torn.  diam.  A  is  connected  with  a  gold-leaf 
electroscope,  B  is  earthed.     The  following  are  typical  experiments :—  (a)  A  is 


positively  charged  to  a  potential  slightly  less  than  that  of  discharge.  The 
gold  leaves  remain  apart  for  a  long  time  but  so  soon  as  the  pole  of  an  electro- 
magnet is  brought  near  they  collapse.  The  discharge  is,  hbwever,  a  partial 
one.  (h)  Leaving  the  electromagnet  in  position,  A  is  given  a  negative  charge. 
(The  electromagnet  used  must  give  a  powerful  field  for  this  experiment)  At 
first  a  potential  larger  than  that  of  discharge  is  reached  without  the  gold 
leaves  c(^lapsilig.  If,  now,  the  magnetising  current  is  broken  or  decreased,, 
a  partial  discharge  occurs  and  the  leaved  fall  together.  A  chalacteristic  curve 
lor  the  effect  of  the  noagnetic  field  on  the  potential  of  discharge  has  been 
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established.  The  intensities  oi  the  field  are  plotted  as  abscissae,  and  the 
•discharge  potentiids  as  ordin&tes.  This  curve  has  in  general  the  form 
ABCD,  the  depression  ABC  being  chiefly  due  to  the  action  of  the  magnetic 
field  favouring  ionisation  by  collision.  Experiment  A  has  to  do  with  the 
descending  part  AB.  Let  the  applied  potential  OM  be  less  than  OA. 
If  a  magnetic  £eid  is  applied  and  its  value  increased  until  it  reaches  OP, 
discharge  occurs,  for  the  existing  potential  OM  is  now  equal  to  the  discharge 
potential  PN  corresponding  to  the  intensity  of  the  field.  For  experiment  (6) 
the  part  BC  of  the  curve  applies.  First  of  all  a  field  OQ,  to  which  a  potential 
QR  corresponds,  is  applied.  When  the  potential  QS  is  less  than  QR  naturally 
no  discharge  occurs,  but  if  the  field  be  removed  or  its  value  diminished  to 
OU  the  leaves  collapse.  A.  E,  G. 

926.  Absorption  of  Gases  in  Vacuum  Tubes  and  Allied  Phenomena,  S. 
Brodetsky  and  B.  Hodgson.  (Phil.  Mag.  81.  pp.  47&-490,  May,  1916.)— 
Experiments  made  under  various  conditions  indicate  that  the  absorption 
of  gases  in  vacuum  tubes  is  probably  a  phenomenon  of  some  complexity 
and  that,  with  metallic  electrodes,  the  effect  is  due  principally  to  absorption 
of  gas  by  the  disintegrated  metal,  although  it  may  depend  partly  on  the 
liberation  of  the  alkaU  metals  by  electrolysis  of  the  glass  and  chemical 
•combination  of  these  metals  with  the  gas.  Many  of  the  apparently  contra- 
dictory results  obtained  by  different  experimenters  are  reconcilable  by  means 
of  such  dual  explanation.  Experiments  in  tubes  of  materials  other  than  glass 
^ould  be  of  interest.  T.  H.  P. 

927.  Electric  Oscillations  on  purely  Dielectric  Bodies,  E.  Dohem. 
<Comptes  Rendus,  162.  pp.  786-740,  May  15,  1916.)— Mathematical  treat- 
xnent  which  obtains  equations  to  be  satisfied  in  the  dielectric  and  others 
which  hold  for  the  surface  of  separation  of  two  dielectrics.  £.  H.  B. 

928.  Electric  Waves  on  Dielectric  Wires.  H.  Zahn.  (Ann.  d.  Ph3rsik,  49. 8. 
pp.  907-988,  May  28, 1916.) — ^Tbis  paper  describes  an  experimental  arrange- 
ment by  which  the  author  has  succeeded  in  producing  and  measuring  electric 
-waves  along  dielectric^ wires  as  shown  to  be  theoretically  possible  by  D. 

Hondros  and  P.  Debye  and  first  realised  experimentally  by  Ruter  and 
Schriever.  The  experiments  are  in  good  agreement  with  the  theory  especially 
when  it  is  considered  that  the  latter  relates  to  ideal  conditions.  [See  Abs.  142 
(1910)  and  867  (1916).]  E.  H.  B. 

929.  Variation  of  Resistance  with  Voltage  at  a  Rectifying  Contact  of  two  Solid 
•Conductors,  with  Application  to  the  Electric  Wave  Detector,  D,  Ovren. 
^Phys.  Soc.,  Proc.  28.  pp.  178-200  ;  Disc,  200-208,  June,  1916.)— An  account 
of  an  investigation,  the  primary  object  of  which  was  to  determine  the  nature 
of  the  physical  actions  oecuring  at  a  rectifying  contact.  Resistance  charac- 
teristics are  given  for  various  contacts,  some  including  a  mineral,  some  in 
which  both  elements  are  metals.  It  is  shown  that  a  specific  characteristic  may 
i>e  drawn,  for  any  given  pair  of  materials*  The  experimental  results  are 
in  accordance  with  the  view  that  the  actions  are  thermoelectric,  the  maip 
-determining  factors  being  the  thermoelectric  power  and  the  temperature- 
coefficient  of  electric  res^tance^ 

Based,  on  the  law  of  constancy  of  the  YoUage-coefficient  calculations  are 
given  showing  the  best  value  of  the  resistance  of  the  telephone  in  a  wireless 
receivit^  circuit  in  which  the  contact  detector  is  employed.  The  influence 
••of  a  polarising  yoltagp  is  also  traced. 
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The  use  of  the  combination  of  rectifier  with  a  d.c.  galvanometer  as  indi* 
cator  of  the  balance  point  in  an  a.c.  bridge  is  examined,  and  it  is  shown  that 
the  minimum  detectable  alternating  voltage  cannot  be  reduced  much  below 
a  millivolt.  Author^ 

ELECTRICAL   PROPERTIES   AND  INSTRUMENTS. 

930.  Vibration  Galvanometer,  W.  Jaeger.  (Archiv  f,  Elektrot  4. 
Nos.  7  and  8.  pp.  262-268^  1916.)— The  author  discusses  the  theory  of  moving- 
needle  and  moving-coil  vibration  galvanometers  and  compares  their  action 
with  that  of  d.c.  instruments.  He  then  deduces  from  his  equations  the  best 
methods  of  using  the  galvanometer.    [See  Abs.  961  (1906),]  I.  W. 

931.  Design  cf  Galvanometers.  F.Wenner.  (Bureau  of  Standards,  Bull.  18» 
pp.  211-244, 1916.  [Sci.  Papers  No.  278.] )— This  paper  discusses  the  relations 
between  (1)  the  operation  constants,  namely,  the  external  critical  resistance,, 
the  deflection  and  ballistic  periods,  and  the  sensitivity  in  the  particular 
conditions  for  use  in  which  the  galvanometer  is  intended,  and  (2)  the  intrinsic 
constants,  namely,  the  inertia,  damping,  restoring,  and  displacing  constants 
and  the  resistance,  for  critically  damped  galvanometers.  The  best  relations 
for  these  quantities  for  attaining  the  desired  sensitivity  whether  to  voltage  or 
current  or  to  voltage  or  current  impulses,  are  indicated;  and  an  outline  of  the 
design  of  galvanometers  to  give  specific  performances  for  each  of  these 
purposes  is  given.  The  detail  design  is  only  briefly  considered,  being 
outside  the  scope  of  the  paper.  For  the  formulae  and  their  application 
the  original  paper  should  be  consulted*  W,  H.  G» 

932.  Damping  Factor  of  d'Arsonval  Galvanometer.  P.  E.  Klopsteg» 
(Phys.  Rev.  7.  pp.  548-644,  May,  1916,)— In  a  recent  paper  [Abs.  466  (1916)] 
L.  Pyle  states  that  appreciable  errors  arise  in  obtaiiiing  the  damping  factor 
of  a  ballistic  galvanometer  by  raising  0i/0,,  the  ratio  of  successive  throws,  ta 
the  power  i,  and  shows  that  this  power  should  more  exactly  be  2fi/T,  where 
/i  is  the  time  taken  to  obtain  the  first  throw  and  T  is  the  damped  period.  It 
is  now  pointed  out  that  the  direct  determination  of  the  quantity  2/i/T  is 
difiicult,  and  that  it  is  preferable  to  raise  0i/0»  to  the  power  (l/ir)(tan-*ir/A)^ 
where  A  is  the  logarithmic  decrement.  This  quantity  is  already  given  in 
published  tables.  If  A  is  less  than  0*184,  the  damping  factor  may  be  replaced 
by  {9il^i)i  with  an  error  of  only  0*8  %.  A.  J.  M.- 

933.  Inductance  Coefficients  of  Two  Iron-cored  Solenoids  with  Axes  Inclined. 
H.  Lorenz.  (Archiv.  f,  Elektrot.  4.  Nos.  7  and  8.  pp,  256-261, 1916.)— The 
author  considers  the  case  of  two  solenoids  with  iron  cores,  placed  with  their 
axes  inclined  to  one  another  in  such  a  way  that  one  solenoid  is  able  to  rotate 
about  an  axis  which  passes  through  a  point  on  the  axis  of  the  other  and  is- 
also  perpendicular  to  the  plane  containing  the  axes  of  the  solendds.  He 
obtains  expression  for  the  self-  and  mutual  inductance  and  for  the  turning, 
moment  on  the  rotating  solenoid.  Dispersion  and  the  external  field  are 
neglected.  The  movable  solenoid  occupies  a  position  corresponding  to  the 
armature  of  a  dynamo,  while  the  fixed  solenoid  corresponds  to  the  field 
magnet.    The  iron  core  of  the  former  may  be  a  circular  plate  or  ring. 

LW. 

934.  Distribution  of  Current  between  a  Gas  Column  and  a  Metallic  Shunt. 
R.  F.  Earhart.  (Phys.  Rev.  7.  pp.  447-450,  April,  1916.  Lum,  felectr.  84. 
pp.  189-140,  Aug.  5, 1916.) — ^These  experiments  were  made  for  the  purpose  of 
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studying  some  of  the  conditions  under  which  a  current  of  electricity 
passing  through  a  gas  might  be  diverted  through  a  metallic  circuit 
and  to  study  the  quantitative  distribution  between  a  gas  column  and 
a  metallic  circuit  under  several  conditions.  The  general  form  of  apparatus 
used  consists  of  a  cylindrical  glass  tube  closed  at  each  end  by  a  flat 
electrode.  The  tube  is  provided  with  a  pump  connection.  Within  the 
tube  perforated  metallic  partitions  are  placed  parallel  to  the  end  elec- 
trodes :  these  partitions  are  provided  with  terminals  sealed  through  the  walls 
of  the  tube ;  they  can  be  connected  through  a  switch  and  low-resistance 
galvanometer.  A  current  from  a  high-potential  storage  battery  sent  through 
the  tube  is  measured  either  with  a  milliammeter  or  shunted  galvanometer. 
A  considerable  number  of  experiments  are  made  with  tubes  of  different  size, 
under  varying  pressure  conditions  and  for  currents  varying  from  a  few 
microamps.  to  60  milliamps.  The  effectiveness  of  electrodes  in  taking  ciu:- 
rent  out  of  a  conducting  gas  column  depends  more  upon  the  state  of  division 
of  the  electrodes  than  upon  their  superficial  area.  The  effect  of  offering  an 
alternative  path  through  an  external  metallic  conductor  is  to  decrease  the 
total  current  For  small  currents  an  increase  through  the  shunt  circuit 
occurs  when  the  total  current  increases.  Such  increases  are  proportional  to 
the  total  current,  but  the  value  of  the  factor  depends  on  the  pressure  of  the 
gas  and  form  of  the  electrodes.  This  proportionality  factor  holds  up  to  a 
limiting  value  which  depends  on  the  pressure  employed.  Further  increase 
in  total  current  results  in  a  decrease  in  current  through  the  shunt  circuit. 

A.  E.  G. 

935.  Electric  Furnace  for  the  Continuous  Action  of  the  Gaede  Diffusion 
Pump.  E,  Riichardt,  (Phys.  Zeits.  17.  pp.  141-142,  April  16,  1916.)— 
Heating  by  means  of  a  Bunsen  burner  is  unsuitable  for  the  continuous  action 
of  the  diffusion  pump,,  variations  of  the  gas  pressure  and  the  disturbing 
influence  of  every  draught  necessitating  frequent  regulation  and  constant 
supervision.  Experiments  made  with  the  object  of  overcoming  these  diffi- 
culties have  resulted  in  the  construction  of  an  electric  furnace  of  special  type 
which  the  author  now  describes.  Using  a  constant  current  of  2*9  amps.,  the 
oven  was  run  for  8  hours  without  regulation,  the  temperature  of  the  mercury 
vapour  remaining  at  117°  to  within  1  deg.  T.  H.  P. 

ALTERNATING  CURRENTS  AND   MAGNETISM. 

936,  Influence  of  Alternating  Currents  of  Decreasing  Intensity  on  the 
Magnetisation  of  Iron,  Q.  J.  Ellas.  (K.  Akad.  Amsterdam,  Proc  18.  No.  8. 
pp.  1299-1809, 1916.) — ^A  mathematical  paper.  Assuming  that  iron  consists 
of  a  very  great  number  of  elementary  crystals,  and  that  "  perfect "  hysteresis 
exists,  the  resulting  magnetisation  of  the  iron  is  expressed  by  means  of  a 
series  the  separate  terms  of  which  represent  the  successive  magnetisations 
caused  by  reversing  and  diminishing  the  applied  field.  Different  forms  are 
then  obtained  for  the  series  for  the  cases  in  which  («)  the  e.m.f.  of  the 
magnetising  current  is  constant  and  the  resistance  is  gradually  increased, 
(6)  the  e.mi .  is  diminished  by  equal  steps,  and  (c)  the  magnetising  current 
decreases  in  the  form  of  a  damped  oscillation,  e.g,,  condenser  discharge 
current  Finally,  the  effect  is  considered  when  a  diminishing  alternating 
field  is  superposed  on  a  constant  field.  It  is  concluded  that  the  resulting 
magnetisation  is  then  principally  determined  by  the  initial  max.  value  of  the 
alternating  field,  unless  the  constant  field  lies  below  a  certain  limit.  The 
first  portion  of  this  conclusion  has  been  verified  by  experiment         G.  E.  A. 
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937.  Ncic  on  Laminated  Magnets,  W*  Brovrn.  (Roy.  Dublin  Soc, 
Proc.  16,  pp.  187-140,  June,  1916.) — Scoresby  in  his  "  Magnetical  Observa- 
tions" (18^)  shows  that  the  strength  of  a  laminated  magnet  is  increased  when 
the  plates  are  separate^.  Jamin  [Comptes  Rendus,  1872-5]  has  also  studied 
the  effect  of  lamination.  The  present  author  n^easures  the  magnetic  moment 
.and  distance  between  the  poles  of  such  magnets*  The  magnets  used  were 
Jsuilt  up  of  glass-hardened  strips  of  clock-spring  steely  10  cm.  long,  0*5  cm. 
>wide,  and  0*06^  cm.  thick.  They  were  magnetised  in  a  field  of  about  1200  c.g.s. 
iinits.  The  laminations  were  clamped  in  a  brass  holder  and  experiments  made 
vnih  the  pieces  (1)  in  contact,  (2)  separated  by  strips  of  paper  of  thicknesses 
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^  =  0*015  cm.,  0*08  cm.,  and  0*00  cm.  respectively.  The  moments  were 
determined  by  the  end-on  magnetometer  method  and  the  polar  distance  by 
moving  a  small  compass  needle,  turning  in  a  vertical  plane,  from  one  end  of 
the  magnet  to  the  other,  when  the  latter  was  placed  in  an  E.-W.  direction. 
The  resuUs  are  represented  in  the  Fig.,  where  the  full-line  curves  show  the 
variation:  of  polar  distance  with  number  c^  laminations  and  the  broken-line 
-curves  the  variation  of  magnetic  moment  The  author  concludes  that  the 
best  magneit  to  use  with  the  given  steel  would  be  one  made  up  of  9  lamina- 
•tions  in  contact  {d  =7  0)  when  the  cross-section  is  practically  square  and  the 
>poles  at  the  minimjum  distance  apart.  L.  L. 

938«  Moment  of  Momentum  existing  in  a  Magnet,    W.  J.  4e  Haas.    (K. 

.Akad.  Amsterdam,  Proc.  la  No.  8.  pp.  1281^1299,  1916.)— An  electromagnet 

-is  hung  f ron}  a  unifilar  suspension  with  its  magnetic  axis  vertical  and  performs 

.torsional  oscillations.    The  current  is  reversed  automatically,  so  that  it  can  be 

observed  whether  the  magnet  has  a  moment  of  momentum  depending  upon 

-and  reversed  with  its  magnetism.    In  one  case  the  moment  of  momentum 

was  detected  and  found  to  be  1*85  x  10~~^.    But  by  theory  (A.  Einstein  and 

W.  ].  de  Haas,  Ibid.  p.  696, 1915)  this  must  be  1*18  X  10^^  times  the  magnetic 

.moment,  which  gave  1200  fpr  the  magnet  instead  of  1400.  £.  H.  B. 
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939.  Magnetic  SuscepUbility  of  Gases.  II.  W.  P.  Roop.  (Phys.  Kev.  7^ 
pp.  529-542,  May,  1916.) — ^The  author  has  applickl  the  method  of  the  gas 
manometer  to  the  determination  of  the  magnetic  susceptibility  of  oxygen,  this- 
method  avoiding  various  systematic  errors  inherent  in  other  methods  and 
reducing  observational  errors  owing  to  its  high  sen^tivity.  The  details  of 
the  apparatus  used  are  described.  Carbon  dioxide  is  employed  as  comparison 
substance,  its  susceptibility  being  taken  as  zero ;  a  slight  uncertahity  is  thus- 
introduced,  but  this  does  not  exceed  2  %  of  the  value  for  oxygen.  The 
following  points  bearing  on  the  measurements  are  discussed :  purity  of  the 
gases,  precautions  in  filling  and  operating  manometer,  diffusion  in  the  mano- 
meter, temperature  control,  determination  of  sectional  area  of  manometer^ 
correction  for  curvature  of  manometer  bore  and  measurements  of  field, 
intensity.  With  field  intensities  of  8400-7500,  the  value  of  K  x  lO'  for 
oxygen  is  found  to  be  1*46;  with  field  intensities  of  100-185,  and  21,000^ 
Curie  and  Piccard  [Abs.  1786  (1918)]  respectively  found  the  values  1*52  and 
1-41.  T.  H.  P. 

940.  Magnetic  Susceptibility  of  Manganese  Nitride.  T.  Ishivrara». 
(Tohoku  Univ.  Sci.  Reports,  5.  No.  1.  pp.  58-61,  1916.)— In  the  temperature 
interval  from  600°  to  1600P,  manganese  and  nitrogen  give  rise  to  three  ferro- 
magnetic substances,  namely  two  nitrides  and  probably  a  solid  solution.  One 
of  the  nitrides  is  Mn^Nt,  but  in  the  other  two  cases  the  compositions  could  not 
be  ascertained,  although  the  characteristic  thermomagnetic  curves  and  their 
critical  points  serve  for  differentiation.  Ammonia  a£Fects  manganese  at  high 
temperature  in  the  same  way  as  does  nitrogen,  excepting  that  a  paramagnetic 
nitride,  MnjNi,  is  formed ;  the  existence  of  Wedekind  and  Veit's  ferromag- 
netic substance,  MnrN^,  could  not  be  confirmed.  The  varying  values  obtained, 
by  different  investigators  for  the  susceptibility  of  Mn  are  explainable  as 
resulting  from  the  effects  of  nitrogen  ;  for  pure  Mn  the  value  x  =  ^'^  x  10"^ 
is  given.  T.  H.  P. 

941.  Results  of  some  Magnetic  Observations  during  the  Solar  Eclipse  of 
August  21,  1914.  L.  A.  Bauer  and  H.  W.  Fisk.  (Terrest.  Magn.  21.. 
pp.  57-86,  June,  1916.) 


RADIOGRAPHY  AND  ELECTROPHYSIOLOGY. 

942.  Experiments  on  X-ray  Transformers.  C.  D^gtsisne.  (Ph)^  Zeits^ 
17.  pp.  106-112,  April  1, 1916.) — The  article  is  concerned  with  the  charac- 
teristics of  the  high-tension  transformers  that  are  used  in  conjunction  with, 
a  synchronously  rotating  contact  for  the  generation  of  X-rays.  The  function, 
of  the  contact  is  to  connect  the  vacuum  tube  across-  the  h.t  winding  at 
definite  instantaneous  values  of  the  voltage.  A  series  of  oscillograms  are- 
reproduced  showing  the  variation  of  the  primary  and  secondary  currents  of 
the  transformer  and  the  internal  voltage,  the  latter  being  obtained  by  means- 
of  an  extra  winding  connected  only  to  the  oscillograph.  In  order  to  place 
the  curves  for  the  above-mentioned  quantities  in  juxtaposition  with  the 
no-load  values  for  the  purpose  of  comparison  the  contact  is  arranged  ta 
make  contact  every  other  period. 

The  X-ray  transformer  differs  in  its  action  from  the  induction  tioil  on 

account  of  the  fact  that  in  the  former  the  primary  circuit  is  permanently 

closed,    whereas    in  the    latter   the    primary    circuit   is    open    when   the 

secondary  current  starts.     The  energy  available  in  each  discharge  with. 
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the  induction  coil  is  therefore  strictly  limited  to  the  energy  magneti- 
cally stored  at  the  beginning  of  the  discharge,  whereas  with  the  trans- 
former the  energy-flow  is  not  limited  in  this  manner  and  will  depend 
greatly  on  the  type  of  load,  different  results  being  obtained  with  hard 
and  with  soft  tubes.  The  oscillograms  show  that  the  secondary  current 
has  a  large  reactive  e£Fect  on  the  primary  current  and  that  the  internal 
ejnd.  is  distinctly  flattened  at  the  moment  of  the  passage  of  the  secondary 
discharge.  The  secondary  voltage  shows  pronounced  indentations  and 
very  different  shapes  with  different  tubes  and  different  place-adjustments 
of  the  rotating  contact.  The  indentations  correspond  with  indentations  in 
the  curve  for  the  secondary  current,  but  the  relatibn  between  them  is  com- 
plicated by  the  fact  that  the  secondary  current  has  different  values  at 
different  parts  of  the  winding.  A  Comparison  Of  the  relative  phase-displace- 
ments of  the  current  at  an  end  and  in  the  middle  of  the  secondary  winding 
shows  that  the  surge  due  to  a  discharge  is  propagated  from  the  ends  into 
the  middle  of  the  winding  with  a  velocity  of  1*2  x  W  cm./sec.  The  same 
value  is  obtained  from  the  total  length  of  the  winding  and  the  time  interval 
between  successive  indentations.  The  distribution  of  the  flux  along  the 
length  of  the  core  of  the  transformer  is  affected  by  the  surge,  search  coils  at 
different  points  showing  that  the  induced  e.m.f.  near  the  centre  contains  a 
marked  harmonic  whose  period  is  the  time  taken  for  the  surge  to  traverse 
the  length  of  the  secondary  winding,  and  that  this  harmonic  is  less  marked 
near  the  ends  of  the  coil  as  in  this  position  the  surges  from  the  two  ends 
tend  to  cancel  their  effects.  The  high-frequency  fturge  in  the  induced  e.m.f. 
is  shown  separately  by  the  device  of  connecting  two  search  coils  in 
opposition.  This  is  performed  with  search  coils  near  the  centre  and  at 
different  positions  along  the  core.  With  soft  tubes  the  surges  are  much 
smaller  in  amplitude  than  with  hard  tubes.  A.  ].  M. 

943.  A  New  Incidence  Indicator,  Charlier.  (Archives  d*£l.  Medicale, 
24.  pp.  181-182,  May,  1916.)— The  indicator  consists  of  a  small  vertical 
metallic  tube  60  cm.  in  length  and  square  in  section.  On  this  glides  a  collar 
which  can  be  fixed  so  as  to  act  as  a  kind  of  support  for  the  Rontgen  tube. 
A  second  collar  in  which  a  shorter  tube  glides  at  right  angles  to  the  vertical 
tube  is  soldered  to  its  lower  extremity.  A  third  branch,  also  in  the  horizontal 
plane,  is  fixed  at  right  angles  to  the  shorter  tube,  and  the  combination  is 
arranged  in  such  a  position  that  the  normal  ray  from  the  tube  strikes  the 
third  branch  near  its  end.  At  the  point  of  contact  of  the  normal  ray  a  lead 
marker  is  fixed.  The  trace  of  the  normal  ray  is  thus  always  given  by  the 
image  of  this  marker,  and  is  automatically  obtained  on  the  photographic 
plate.  The  vertical  branch  being  graduated  in  cm.  the  distance  of  the 
photographic  plate  from  the  antikathode,  and  of  the  latter  from  the  subject, . 
can  be  instantly  found.    A  diagram  of  the  apparatus  is  given.  A.  £.  G. 

944.  The  Liiienfeld  Tube  for  Rontgen  Rays.  F.  J.  Koch.  (Dresdner 
Elektrot.  Verein,  10.  No.  10.  p.  85.  Elekt.  Zeits.  87.  pp.  185-186,  April  6, 
1916.) — Liiienfeld  found  that  up  to  a  certain  degree  the  occurrence  of  a 
discharge  is  independent  of  the  goodness  of  the  vacuum  when  a  glowing 
kathode  is  employed  in  the  tube.  The  special  form  of  Rontgen  tube 
designed  by  Liiienfeld,  in  which  an  ordinary  metal^filament  lamp  is  used  as 
a  glow-electrode,  is  here  described  with  details  as  to  working.  There  is  also- 
a  brief  account  of  a  valve  tube  for  obtaining  unidirectional  current,  con- 
structed on  the  LHienfekl  principle  with  a  glow  kathode.  A.  E.  G. 
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945.  Active  Modification  of  Nitrogen.  VII.  R.  J.  Strutt.  (Roy.  Soc., 
Proc.  92.  pp.  488-450,  July  1, 1916.) — The  paper  deals  with  the  drcumstances 
of  the  activation  of  nitrogea  by  the  electric  discharge  [see  Ahs.  769  (1915)]. 
Current  and  potential  measurements  of  jar  discharges  being  difficult  to 
interpret,  an  Evershed-Vignoles  dynamo  giving  up  to  15  milliamps.  at  5000 
^olts  was  used,  though  the  effects  are  then  weaker.  In  the  first  series  of 
experiments  a  long  discharge  tube,  18  mm.  diam.,  was  so  arranged  that  the 
two  disc  electrodes  of  Al  w^«  180  mm.  apart,  but  could  together  be  moved 
up  and  down  the  tube ;  thus  the  flow  of  nitrogen  across  the  tube  would 
traverse  different  portions  of  the  discharge  column,  the  intensity  of  the  glow 
being  estimated  in  an  observation  tube.  It  was  then  found  that  the  yield 
of  active  nitrogen  was  greatest  close  to  the  kathode  ;  the  yield  diminished  in 
the  negative  glow,  to  zero  in  the  Faraday  dark  space,  and  increased  again  to 
a  steady  value  (about  half  the  former  intensity)  in  the  positive  colunm.  The 
Crookes  space  was  too  narrow  to  admit  of  taking  measurements  in  it.  In 
other  experiments  it  was  ascertained  that  the  glow  was  twice  as  intense  in  a 
narrow  tube,  6  mm.  in  diam.,  tjian  in  a  wide  tube  15  nmi.  in  diam.,  whilst  the 
potential  gradients  were  practically  the  same ;  other  experimenters  had 
found  higher  potential  gradients  in  narrow;er  tubes,  but  they  had  not  used 
such  large  currents  (18  milliamps.  at  6  mm.  pressure)>and  their  nitrogen  had 
probably  been  more  contaminated  by  electrode  gases.  As  regards  the  length 
of  discharge  traversed,  a  positive  column  of  12  cm.  length  gave  more  effect 
than  a  column  6  cm.  long,  but  the  12  cm.  seemed  to  be  about  the  maximum  ; 
the  discharge  thus  both  produces  and  destroys  active  nitrogen.  This  was 
-confirmed  by  other  experiments  with  T-shaped  tubes.  When  the  apparatus 
was  so  arranged  that  a  jar  discharge  passed  in  A,  and  a  dynamo-current  dis- 
charge in  B,  at  right  angles  to  A,  the  intensity  being  observed  in  C  (A,  B,  C 
being  tubes  in  series),  the  B  discharge  destroyed  the  glow  produced  by  the  A 
discharge.  The  commerciat  nitrogen  of  these  experiments  had  been  purified 
with  phosphorus  and  phosphorus  pentoxide,  but  still  contained  some  foreign 
gas  acting  as  catalyst.  When  purified  with  sodium  and  then  mixed  with 
1/820  part  by  volume  of  oxygen,  both  the  glow  and  kathode-fall  increased, 
the  latter  from  270  up  to  845  volts,  but  the  fall  of  potential  in  the  positive 
•column  was  not  affected;  these  kathode-fall  measurements  do  not  agree 
with  the  values  of  Warburg,  who  has  studied  these  features  more  fully.  The 
addition  of  ethylene  (instead  of  oxygen)  to  the  nitrogen  also  brightened 
up  the  afterglow,  but  made  the  kathode-fall  readings  irregular.  So  far  the 
nitrogen  had  always  been  at  a  pressure  of  about  5  mm.  (or  less)  of  mercury. 
With  nitrogen  at  atmospheric  pressure,  the  glow  is  much  less  conspicuous, 
but  can  be  shown  by  fixing  iron  wire  electrodes  in  a  silicon  tube,  through 
which  the  gas  is  flowing,  and  providing  the  tube  with  a  1'5-mm.  hole  opposite 
the  discharge  gap  ;  a  jar  discharge  is  required.  A  luminous  ijet  of  nitrogen 
is  then  seen  to  issue  from  the  hole ;  it  has  a  lengthi  of  about  15  nmi.,  whilst 
at  low  pressures  luminous  columns  several  metres  in  length  can  be  produced, 
lasting  in  extreme  cases  half  an  hour  ;  ordinary  nitrogen  itself  seems  to  have 
a  destructive  effect  on  active  nitrogen.  When  the  experimental  conditions 
favour  kathode  disintegration  (uncondensed  discharge  from  a  copper  wire 
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protruding  from  a  silica  shoath),  and  when  some  disintegrated  metal  is  carried 
away  by  the  stream  oi  nitrogen,  a  tongue  of  green  light  is  seen  showing  the 
<x>pper  lines ;  more  volatile  metals  show  their  spectra  when  healed  in  active 
nibrogen.  H.  B, 

046.  The  Aixtm  and  the  Molecule,  G.  N.  Lewis.  (Ann.  Chem.  Soc.,  ]. 
:88.  pp.  762-785»  April,  1916.) — It  is  ur^ed  that  the  conventional  distinction 
between  inor^niq  and  organic  chemistry  should  be  replaced  by  a  classifica- 
tion which  is  roughly  identical  between  "  polar  "  and  "  non-polar  "  substances ; 
thus  potassium  chloride  is  an  extreme  "  polar"  type,  whilst  methane  is  an 
-extreme  "  non-polar  "  type.  The  polar  type  in  general  is  mobile  and  reactive, 
lias  high  dielectric  constant,  associates  forms  molecular  complexes,  and  has  a 
condensed-structure^  The  non-poiar  type  is  inert,  non-ionising  and  non- 
ionised,  does  not  associate,  and  has  a  ''frame"  structure.  The  extent  to 
which  polarity  is  developed  depends  largely  on  the  strength  of  the  polar 
•environment,  e,g,  salts  are  highly  ionised  when  merely  fused,  but  hydrogen 
chloride  requires  the  polar  environment  provided  by  dissolution  in  water. 

To  account  for  Abegg's  law  of  valence  and  countervalence,  a  cubical 
■atom  is  adopted  for  all  elements;  illustrations  are  given  showing  the 
4mion  of  these  atoms  by  single  and  double  bonds»  and  the  question  of 
•triple  bonds  is  discussed. 

In  general,  colour  and  a  high  degree  of  polarity  go  hand  in  hand,  as  in  the 
^eat  class  of  organic  dyes.  Both  phenomena  are  due  to  the  sfime  cause, 
namely,  the  weakness  of  the  constraints  acting  on  one  or  more  electrons. 

T.  M.  L. 

947.  The  Combining  Volumes  of  Hydrogen  and  Oxygen.  F.  P.  Burt  and 
E.  C.  Edgar.    (Roy.  Soc.,  Phil.  Trans.  216.  pp.  298-427,  June  5,  1916.)— 

As  a  result  of  the  authors'  measurements  of  the  ratio  of  the  combining 
volumes  the  value  100772  is  obtained  for  the  atomic  weight  of  hydrogen, 
^hich  is  very  nearly  the  arithmetic  mean  of  the  results  of  Morley  and 
■of  Noyes.    The  true  value  is  concluded  to  be  very  close  to  1O077. 

L.  H.  W. 

948.  A  Recalculation  of  Some  Work  on  Diffusion,  A.  Griffiths.  (Phys. 
^oc,  Proc.  28.  pp.  256-257,  June,  1916.)— Gives  corrections  to  certain  papers 
published  by  the  author  and  B.  W.  Clack.  [See  Abs.  928  (1909),  785  (1915), 
:895  (1916).] 

949.  Relative  Densities  of  Alkali-metal  Amalgams  and  Mercury*  J.  R. 
W^ithrow.    (J.  Phys.  Chem.  20.  pp.  52S-681,  June,  1916.)— Attention  is 

•called  to  the  erroneous  impressions  concerning  the  relative  densities  of 
:  alkali- metal  amalgams  and  mercury,  winch  are  encouraged  by  descriptions 
•  of  the  preparation  of  such  amalgams  in  the  literature  and  standard  text- 
^books.  In  the  case  of  potassium  amalgam,  especially,  the  sc^id  amalgam 
.is  represented  in  some  cases  as  lying  below  the  mercury,  as  if  it  were 
specifically  heavier.  The  author  points  out,  however,  that  solid  alkali 
amalgam,  both  potasdum  and  sodium,  when  placed  in  mercury,  float;  and 
<the  fact  that  the  amalgam,  in  some  cases,  appears  to  be  heavier  than 
^nercury,  is  due  to  its  adhering  to  the  vessel.  The  recalculated  data  of 
llaey  are  in  agreement  with  this.  A.  F. 

960.  Exiraction^i^  Radium  from  CarnoUteOtes.    H«  Schlundt.    (J.  Phys. 
Chem.  20.  pp.  48(M94,  June,  1916.    Chem.  iNews,  114«  pp»  50-66,  Aug.  4^ 
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1916.)— At  the  present  time  the  carnotite  ores  of  S.W.  Colorado  and  E.  Utah- 
constitute  the  principal  source  of  radium  in  the  U.S.A*  The  carnotites 
consist  of  a  sandstone  with  a  day  binder  variably  impregnated  with  the 
mineral  carnotite,  a  hydrous  potassium  uranium  vanadate  containing  Ba  and' 
Ca.  By  boiling  carnotite  ores  with  concentrated  HtSO^  the  Ba  and  Ra  com- 
pounds present  are  converted  into  bisutphates  which  remain  in  solution  in 
an  excess  of  the  acid,  and  may  then  be  separated  from  the  insoluble  com- 
ponents by  filtration  followed  by  washing  the  residue  with  concentrated 
HfS04.  From  the  acid  liquors  thus  obtained  the  Ra  is  recovered  by  diluting 
with  water,  whereby  barium-radium  sulphate  is  precipitated.  The  experi- 
ments outlined  in  this  paper  are  based  on  the  preceding  principle.     A.  B.  W. 

961.  TungsUn»Molybdenum  System.  F.  A.  Fahrenwald.  (Am.  Inst 
Mining  Eng.,  Bull.  No.  114.  pp.  1049-1056,  June,  1916.)-^Alloys  of  this  S3r8tem 
were  prepared  by  compressing  mixtures  of  W  and  Mo  powder  into  briquettes 
and  heating  with  an  electric  current  in  an  atmosphere  of  hydrogen.  The 
solidus  curve  for  the  series  was  obtained  by  means  of  optical  pyrometric 
temperature  measurements  and  checked  by  comparing  the  fusing  current 
with  a  standardised  wattage-temperature  curve.  The  equilibrium  diagram 
shows  no  critical  points,  and  as  a  result  of  the  thermal  and  microscopical 
analysis  the  metals  are  reported  as  being  completely  isomorphous.  All  the 
alloys  of  the  series  are  malleable  and  ductile  under  proper  conditions,  and 
curves  for  hardness,  both  in  the  compressed  and  heat-treated  state  and  aftei' 
forging  to  a  reduction  of  60  %,  are  smoothly  convex,  the  latter  showing  max. 
hardness  at  about  60  %  of  each  metal  The  curve  showing  equiaxing  tem- 
peratures is  also  smoothly  convex  having  a  maximum  of  12050^  at  about 
60  %  W. 

The  melting-point  of  tufigsten  is  taken  as  2500°  C,  and  of  Mo  as  8200°  C. 

C.  0.  B. 

962.  Invar  and  Related  Nickel  Steels.  (Bureau  of  Standards,  Circ.  No.  58. 
[68  pp.],  Washington,  1916.)— This  circular  forms  a  very  complete  account  of 
the  history  and  properties  of  nickel  steels.  It  includes  sections  on  the  magnetic, 
electrical  and  mechanical  properties  (strength,  hardness,  elasticity,  polish), 
the  resistance  to  corrosion,  density,  sources  of  supply,  and  commercial  and 
scientific  applications.  The  thermal  expansion  is  considered  at  length,  and  in 
this  connection  invar  is  made  the  subject  of  a  special  section  which  treats  of 
(a)  its  transitory  length-variations  following  temperature  changes,  (6)  perma- 
nent changes  pf  length  at  constant  temperature,  (c)  effects  of  heat  treatment 
on  forged  bars,  (d). behaviour  of  drawn  b^trs  as  compared  with  fprged  ones^ 
(e)  elongation  of  invar  with  time,  (/)  range  of  the  transitory  length -variations 
following  temperature  changes,  (g)  rapidity  of  invar  transformations,  (h)  effect 
of  composition  on  instability,  (i)  reproducibility  of  the  properties  of  invar^ 
0)  21  note  on  the  investigation  of  nickel  steels  dow  proceeding  at  the 
Bureau  of  Standards.    It  is  hoped  shortly  to  publish  an  account  of  these. 

J.  W.  T.  W. 

963.  Standard  Ttst  Specimens  of  Zino-Bromie.  L  Preparations  of  Spedfi-' 
cations.  C.  P.  Karr.  II.  Microstructure.  H.  S«  Rawdon.  (Bureau  of 
Standards,  Techn.  Papers,  No.  59.  [67  pp.],  Waahiogton,  1916.  Ilech.  Eng 
88.  pp.  10-12,  July  7, 1916.)— Zinc-bronze  is  an  alloy  of  88  %  Cu,  10  %  Sn,  and 
2  %  Zn,  and  is  comdionly  known  as  Admiralty  metal,  Government  brons^  or 
88-10-2  alloy.    It  has  been  studied  by  a  large  number  of  investigators,  and. 
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-tk^  author  gives  a  brief  summary  of  their  work.  Jglxperiments  have  been 
carried  out  with  a  view  to  determining  the  best  methods  of  casting,  the  best 
shape  of^  test-piece,  j^id  the  best  casting  temperature  for  th^  alloy.  The 
-results  shQW  that  the  b^t  type  of  test-bar  is  the  cast-to^size  form,  poured  into 
a  dry  sand  mould.  Such  a  ^^d  casting  gives  mechanical  properties  which 
are  superior  to  ihose  obtained  from  a  chill  casting,  but  the  results  can  be 
made  of  almost  equal  value  by  annealing  the  chill  castings  at  temperatures 
ranging  from  600*^  to  700°  C.  It  was  anticipated  that  some  definite  casting 
temperature  would  be  ^ound  zX  which  the  best  and  most  uniform  mechanical 
properties  would  be  obtained,  boi-  the  aeries  of  tests  showed  that)  there  was  a 
considerable  range  of  temperature,  viz.  1120°  to  1270°  C.  over  which  good  and 
regular  results  were  obtained.  Annealing  improved  the  ductility  without 
seriously  influencing  the  strength.  The  elastic  limit  of  the  bronze  was  found 
io  vary  between  15,000  and  17,000  lbs.  per  sq.  in.  Cooling  curves  showed  the 
melting-point  of  the  alloy  to  be  about  980°  C.  There  was  a  marked  thermal 
-change  at  780^  and  a  more  feeble  one  at  680°.  On  the  results  of  this  work  a 
specification  has  been  drawn  up,  and  the  author  compares  the  suggested 
specification  with  the  Navy  specification  and  also  with  the  standard  specifica- 
tion of  the  American  Society  for  Testing  Materials.  Investigation  of  the 
microstructure  of  the  alloys  showed  that  the  addition  of  the  small  percentage 
-of  Zn  did  not  affect  the  theoretical  structure  of  the  metal.  On  the  basis  of 
Guillet's  coefficient  of  equivalence  of  Sn  with  regard  to  Zn  being  2,  the 
alloy  has  been  regarded  as  the  structural  equivalent  of  a  pure  bronze  con- 
taining ll'l  %  of  Sn.  The  method  and  temperature  of  casting  only  affected 
the  structure  indirectly  by  determining  the  rate  of  cooling  and  the  amount 
and  distribution  of  the  enclosures.  A  table  has  been  drawn  up  showing  that 
the  mechanical  properties  and  the  characteristic  appearance  of  the  fracture 
can  be  correlated  with  the  microstructure.  Of  the  various  structural  features 
affecting  the  mechanical  properties,  oxide  films  were  found  to  exert  by  far  the 
greatest  influence.  The  effects  of  heat  treatment  have  also  been  studied,  and 
it  appears  that  a  very  valuable  study  of  the  effect  of  annealiqg  in  removing 
the  deleterious  effects  of  the  presence  of  enclosures  might  be  made. 

F.  C.  A.  H,  L. 
064.  Electrical  Conduction  in  Anisotropic  Liquids,  T.  Svedberg.  (Ann. 
d.  Physik,  49.  4.  pp.  487-455,  March  24,  1916.)— Measurements  of  electrical 
conductivity  were  made,  over  a  raiige  of  temperatures,  using  ^-azoxyphenetol 
and  ^azoxyanisol  as  solvents,  and  hydrogen  chloride,  picric  acid,  and 
^ :  8-oxynapthoric  add  as  solutes.  The  temperature  coeffident  of  electrical 
condtictivity  was  about  twice  as  great  in  the  anisotropic  as  in  the  isotropic 
state.  On  passing  downwatxis  through  the  clearing-temperature  an  abrupt 
-decrease  of  14  %  was  observed  in  the  case  of  hydrogen  chloride,  and  20-28  % 
in  the  case  of  the  two  organic  electrolytes;  this  might  be  attributed  to 
diminished  ionisationi  or  to  diminished  ionic  mobiHty,  but  it  is  a  remarkable 
fact  that  the  fluidity  actually  increases  by  60  %  at  this  point  whilst  the 
dielectric  constant  is  unchanged.  T.  M.  L. 

.  955,  Molecnlar  Attr^Ktions  in  Muiiotts^  Berkeley. .  (Nature,  97.  p.  801, 
Jiuiie  8>.1916.)— U  is  suggested  that  by  measuring  the  compressibilities  of  two 
pure  liquids^  and  of ,  their  .|nixtare%K)ver  a  Considerable -range  of  concentrar 
tions,  it  may  1^  jipssil^le  to  4isentang^  the  varipus  interaat  attractions  as 
they  are  influenced  by  thA  n^ngtdg.  the  attraction  of  A  ^or  A,  and  of  B  for 
6«  as  well  as  the  aew  attraction  of  A  for  B.  Exp^riqiefit^  to  test  this  view 
jhave  been  begun,  but  are  not  yet  complete.  T.  M.  L. 
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966.  Study  of  apparent  Specific  Volume  in  Solution.  Le  R.  D.  Weld.. 
(Phys.  Rev.  7.  pp.  421-480,  April,  1916.)— The  variations  with  the  tempera- 
ture of  the  densities  of  various  solutions  of  potassium  chlorate,  and  also  the^ 
variations  of  the  density  with  the  concentration,  the  temperature  being- 
constant,  have  l>een  studied.  The  sc^utions  were  nearly  saturated,  andii» 
some  cases  supersaturated.  From  the  results  the  "apparent  specific  volume'" 
of  the  solute  has  been  csdcukted,  this  being  defined  as  '*  the  volume  of  tho^ 
solution  containing  1  gm.  of  the  isolute,  raiaus  the  natural  volume  of  the  pure^ 
water  entering  into  it,  at  the  same  temperature."  A  discussion  of  the  results 
is  given,  but  it  is  necessarily  inadequate  until  the  behaviour  of  solutions  of 
other  solutes  have  been  investigated.  T.  S.  P.. 

967.  Study  of  the  Hydrogen  Electrode,  the  Calomel  Electrode,  and  of  Contact 
Potential.  V.  W.  F.  Clarke,  C.  N.  Myers,  and  S.  F.  Acree.  (J.  Phys.. 
Chem.  20.  pp.  248-265,  March,  1916.)^-A  detailed  investigation  to  improve 
the  working  of  the  hydrogen  and  calomel  electrodes  by  improved  tempera- 
ture regulation,  diminished  evaporation,  more  handy  form  of  apparatus,  and 
better  methods  of  storage,  whereby  a  reproducibility  of  0*01  millivolt  may  be- 
more  easily  obtained. 

The  hydrogen  electrode  under  these  improved  conditions  is  an  easily- 
reproducible  and  constant  system,  extremely  sensitive  to  small  amounts  of 
impurity,  and  for  this  very  reason  specially  suited  for  the  rapid  and  accurate 
determination  of  small  hydrogen-ion  concentrations,  as  in  cases  of  catalysis, 
by  acids.  T.  M.  L^ 

968.  Application  of  the  Theory  of  AUotropy  to  Electromotive  Equilibria,  IV.. 
A.  Smits  and  A.  H.  W.  Aten.  (K.  Akad.  Amsterdam,  Proc.  18.  pp.  1485» 
1498, 1916.) — ^It  has  been  shown  that  the  phenomenon  of  tpassivity  is  explain- 
able in  a  simple  manner  by  the  application  of  the  theory  of  allotropy  to  the- 
electromotive  equilibrium,  metal-electrolyte  [see  Abs.  872  (1916)] .  According- 
to  this  theory  the  metal  is  complex,  and  it  may  be  that  the  complexity  is^ 
based  on  the  fact  that  in  the  metal  there  is  an  ionisation  equilibrium  which 
may  be  expressed  by  the  equation,  M;^=±M'  +  8.  Further,  with  metals, 
which  form  ions  of  different  valencies,  several  such  ionising  equilibria  may 
exist  side  by  side,  thus :  M  ;e=±  M' '  +  20  and  M  :^=±  M* "  +  8(^.  The  assump- 
tion of  such  an  ionization  equilibrium  in  a  metal  leads  to  the  important 
conception  of  the  splubility  product  of  the  metal*  This  conception  is  utilised, 
to  explain  the  following  electromotiYe  processes :  (1)  J>issolution  of  metals^ 
by  halogens ;  it  is  shown  th^  base  metals  should  possess  relatively  high,  and 
noble  metals  relatively  low,  solubility  products.  (2)  Dissolution  of  metals  in. 
pure  water ;  metals  acting  most  strongly  on  water  are  those  with  compara- 
tively high  solubility  products.  (8)  Dissolutioa  of  metals  in  acids.  (4)  Dissolu- 
tion of  metals  in  a  solution  containing  a  lerro-  and  a  f  erri-salt«  (6)  Dissolutioa 
of  a  metal  by  withdrawal  of  metal  ions.  Various  new  relations  for  the  p.d^ 
between  metal  and  electrolyte  are  4:onsidered,  and.  it  is  shown  that,  where 
the  soltibility  of  the  metal  ions  is  not  very  great:  and  that  of  the  electrons- 
very  small,  the  metal  ions  will  not  go  into  solution  so  much  as  when  the- 
electrons  do  not  ohecklthe  adtidn,  and  that,  on  the  other  hand,  the  electrons- 
will  go  more  into  solution  than  whrei^  they  are  attracted  by  the  metal  iens.. 
Thus,  the  liquid  co-existing  with  a  base  met^  is  unsaturated  so  far  as  metal 
ions  are  concerned,  but  supersaturated  with  respect  tottie  metat  so  far  as. 
electrons  are  concerned-;  this  is,  therefore,  the  reason  why  the  metal  is- 
negative  with  respect  to  the  Hquid.  For  a  noble  metal  exactly  the  reversor 
holds. 
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It  is  shown  that  the  p.d.  between  a  metal  and,  say,  pure  water  can  b^ 
sharply  defined  and  possesses  a  finite  value  which  is  determined  completely 
by  the  solubiMty  of  the  electr<nis  and  by  that  of  the  metal  ions ;  if  the 
solubility  of  the  metal  ions  is  greater  than  that  of  the  electrons,  the  metal 
will  be  charged  negatively  with  respect  to  the  water  and  positively  in  the 
opposite  case. 

Other  points  considered  are  the  introduction  of  the  solubility  product  of 
the  metal  into  the  p.d.  equation,  and  passivity  and  polarisation.  The  con- 
clusion is  drawn  that  a  metal  with  the  most  simple  constitution  can  exhibit 
the  phenomenon  of  anodic  polarisation  or  passivity  as  well  as,  and  in  virtue 
of,  the  same  circumstances  as  a  more  complicated  metal.  These  phenomena 
will,  indeed,  present  themselves  with  any  metal  when  the  removal  of  metal 
ions  and  electrons  from  the  metal  takes  place  more  rapidly  than  their 
formation  in  the  metal.  T.  H.  P 

969.  Copper  Voliameicr,  A.  K.  Datta  and  N.  Dhar.  (Am.  Chem.  Soc, 
}.  88.  pp.  1156-1160,  June,  1916.)— It  was  found  to  be  immaterial  whether  the 
experiments  were  conducted  in  an  atmosphere  of  COt  or  hydrogen ;  the 
essential  thing  is  to  prevent  the  access  of  oxygen  into  the  voltameter. 
Sulphuric  acid  is  essential  for  ensuring  a  good  result  It  prevents  the 
hydrolysis  of  the  copfier  sulphate  solution,  which  causes  a  deposition  of 
cuprous  and  cupric  osdde  on  the  kathode;  it  also  diminishes  the  concen- 
tration of  the  copper  ions  in  the  solution,  due  to  the  increase  of  SO4"  ions 
and  also  due  to  the  formation  of  complex  copper  salts  as  indicated  by  the 
equation  HfSOi  +  CuSO«— >  HtCu(S04)i. 

Cane-sugar  and  glucose  can  be  substituted  for  alcohol  with  equal  efficacy, 
and  tartaric  acid  is  a  decidedly  better  substitute,  and  with  it  better  results 
can  be  obtained  even  with  currents  of  feeble  strength.  It  has  been  observed 
that  copper  sulphate  solution  appreciably  dissolves  copper,  and  this  disso- 
lution depends  greatly  on  the  concentration  of  copper  ions  in  the  solution, 
and  also  on  the  temperature.  The  action  is  more  pronounced  in  presence 
of  sulphuric  acid  when  added  to  prevent  hydrolysis.  In  measuring  high 
currents  this  does  not  materially  affect  the  results  of  the  experiments,  as  the 
copper  deposition  is  rather  rapid,  while  in  the  case  of  measuring  feeble 
currents  the  copper  is  deposited  very  slowly,  and  the  copper  sulphate 
solution  finds  sufficient  time  to  dissolve  it  appreciably.  The  improvement 
made  by  the  addition  of  tartaric  acid  is  probably  due  to  its  forming  a  very 
good  complex  with  copper  ions,  and  thus  diminishing  the  concentration  of 
the  copper  ions.  F.  E.  S.- 

960.  Silver  Voltameter.  J.  Obata.  (Math.  Phys.  Soc,  Tokyo,  Proc.  8. 
pp.  43T-453,  May,  1916.) — The  electrolyte  was  in  general  prepared  by  the 
method  suggested  by  the  Bureau  of  Standards  [see  Abs.  744  (1914)].  The 
anode  was  a  circular  plate  of  Ag  with  electrically  deposited  Ag  on  its  surface, 
and  the  Smith  form  of  voltameter  was  used  in  the  experiments.  The  voltage 
of  the  Weston  normal  cell  at  WC.  was  determined  as  1-01826»  int.  volts,  a  value - 
very  dosely  agreeing  with  that  foond  by  the  Washington  Electrotechnical 
Committee  in  19K).  In  all  21  separate  experiments  were  made  between  Oct.  26» 
1915,  and  Feb.  4, 1916.  The  mean  of  any  ten  sticcessive  measurements  differs 
from  the  mean  by  not  more  than  15  parts  tn  a  million.  The  effect  of  acid 
present  in  the  electrolyte  was  quantitatively  determined.  The  following 
relation  was  obtained  by  the  method  of  least  squares :  ^'  =  —  4-2:ir  +  Oij^bc*^ 
where  y  represents  the  decrease  of  the  silver  deposit  and  x  the  mean  kathode 
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acidity,  both  being  expressed  in  parts  of  a  million.  A  simple  voltameter  in 
which  the  kathode  is  a  thin  cylindrical  Ag  plate  and  the  anode  a  salver  ring 
is  suggested  for  general  use.  The  following  table  gives  the  results  obtained 
with  this  modified  form  and  the  Smith  form  of  voltameter  : — 


Date. 

Approximate 
Time. 

Approximate 
Current. 

Deposit  In  Smith 
Form 

Voltameter. 

Deposit  on  tlie 
Silver  Ring. 

Difference, 
Standard. 

Tan.  18,  1916 

Feb.  8.     „ 
Feb.  15,     „ 

7028  sec. 

7029 

7028 

0*509  amp. 

8-99968  gm. 

400018 

400020 

8-99954  gm. 

400018 

8-99995 

— 8-5X10-* 

-8     „ 

F.  E.  S. 

961.  Kathode  Scattering  in  Electrolysis.  A.  H.  "W.  Aten.  (K.  Akad. 
Amsterdam,  Proc,  18.  No.  8.  pp.  1874-1884,  1916.)— The  amount  of  disin- 
tegration of  a  lead  kathode,  using  different  electrolytes,  has  been  investigated. 
The  kathode  was  so  arranged  that  it  could  be  weighed; before  and  after  the 
electrolysis  in  order  to  ascertain  the  extent  of  the  disintegration.  The  anode 
was  of  carbon,  and  during  the  electrolysis  the  solution  was  stirred  vigorously. 
The  disintegrating  power  of  the  metal  is  taken  to  be  the  ratio  of  the  number 
of  gm.^equivalents  disintegrated  to  the  number  of  faradays  used  ;  this  ratio  Is 
called  A.  Using  normal  solutions  of  NatCOtf  NatSO^,  and  NaOH,  and  lead 
kathodes,  it  was  found  that  A  approaches  a  limiting  value  of  about  1-7  with 
increase  in  the  current  density  up  to  256  amps./cm.'.  A  increases  from  1-28 
to  1*52  as  the  concentration  of  a  solution  of  NafCOt  decreases  from  2-normal 
to  0125  normal^  the  current  density  (D)  being  0*82  amp./cm.'  at  15°.  With 
n-NatCOt  and  D  s=  0'18»  A  decreases  from  1*25  to  0*90  as  the  temperature 
rises  from  15*5  to  49°.  Solutions  of  KsCOs,  EOH,  and  KtSO^  behave  similarly 
to  those  of  the  sodium  salts,  whereas  in  solutions  of  calcium  salts  the  disin- 
tegration is  very  small,  As 0*05  for  D 3=2-56  with  »-CaCls.  With 
mixtures  of  KCl  and  CaCls  the  disintegration  decreases  as  the  percentage 
of  CaCls  increases.  Also  the  addition  of  a  lead  salt  to  the  solution  of  a 
potassium  salt  diminishes  the  disintegration  of  the  kathode. 

In  dilute  sulphuric  acid  a  lead  kathode  is  disintegrated  to  much  the  same 

•extent  as  in  solutions  of  sodium  and  potassium  salts,  but  the  influence  of  the 
concentration  of  the  solution  and  of  the  duration  of  the  electrolysis  is  much 
greater ;  also,  the  disintegration  takes  place  only  for  comparatively  large 
current  densities. 

The  results  obtained  are  explained  by  the  anth<»-  in  the  light  of  the  views 

already  put  forward  by  Haber  [Abs.  1752  (1899)],  Haber  and  Sack  [Abs.  176 
(1908)],  and  Sack  [Abs.  747  (1908)],  the  disiAtegration  in  solutions  of  sodium 
and  potassium  salts  being  due  to  the  primary  formation  of  a  Pb-Na  or  Pb-K 

.alloy.    In  the  case  oi  the  disintegration  of  a  lead.kat^od^  in  solphturic  add 

-electrolytes,  it  is  assumed  that  hydrogen  i»  deposited  in  the  atomic  condition 
at  the  kathode.  This  atomic  hydrogen  is.  soluble  in  the  kad»  and  penetrates 
into  the  metal  to  a  cer^n  4epth  before,  it  formsi.mQkcmlar  hydrogen. 
Mplecuhur  hydrogen  is  leas,  soluble,  th^  atomic  bydcogen,  sp  that  as  soon 

4t&  4t  is  formed  it  disr.upts  the  lead  and  causes  disintegration.  T.  S.  P. 
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GENERAL  PHYSICS. 

962.  Direct-reading  Density  Balance,  C.  Ch^neveau.  (Comptes  Rendus, 
162.  pp.  912-918,  Jane  18, 1916.) — ^The  balance  here  described  gives,  from  a 
single  reading,  the  density  of  a  liquid  between  0  and  2*5  correct  to  about  one 
unit  in  the  third  decimal  place.  The  balance  consists  of  a  bent  beam,  with  a 
weight  hanging  from  one  end,  which  compensates  the  combined  e£Fects  of 
the  weight  of  a  piece  of  glass  (of  volume  10  cm.*)  immersed  in  the  liquid 
whose  density  is  to  be  determined,  and  the  upward  pressure  the  glass 
ocperiences.  One  end  of  the  beam  carries  a  needle  moving  over  a  scale 
divided  into  100  parts,  whose  limits  correspond  to  the  position  of  equilibrium 
in  air  (0)  and  in  water  at  15^  C.  (1*0).  Theory  shows  that  the  readings  are 
approximately  proportional  to  the  densities,  at  any  rate  to  within  one  unit  in 
the  second  place.  The  same  scale  may  be  used  for  liquids  of  densities  from 
1-0  to  2*0  or  from  2*0  to  2*5  if  10  gm.  or  20  gm.  respectively  is  added  to  that 
side  of  the  balance  carrying  the  glass  body.  Readings  to  the  third  decimal 
place  are  always  obtainable  near  the  ends  of  the  scale,  and  in  the  middle  it  is 
only  necessary  to  replace  one  of  the  10-gm.  weights  by  a  mass  slightly 
different  to  get  more  exact  readings  there.  The  apparatus  can  also  be  used 
to  give  densities  of  solids  with  two  readings.  A.  W. 

963.  High  Vacuum  Mercury-vapour  Pump.  I.  Langmuir.  (Phys.  Rev. 
8.  pp.  48-61,  July,  1916.)— Describes  a  mercury-vapour  pump  which  is  very 
rapid  in  action,  and  which  is  capable  of  producing  very  high  vacua.  The 
Gaede  ''diffusion"  pump  [Abs.  1178  (1916)]  is  necessarily  slow  in  action  on 
account  of  the  slowness  of  diffusion  tlurough  a  narrow  slit  or  a  porous 
diaphragm.  Several  methods  have  now  been  found  of  introducing  the  gas 
to  be  exhausted  more  rapidly  into  the  blast  of  mercury  vapour,  thus  increas- 
ing very  considerably  the  speed  of  the  pnmp«  One  of  the  types  of  pump 
which  has  given  satisfactory  results  is  that  shown  in  the  Fig.  In  this 
apparatus  a  blast  of  mercury  vapour  passes  upward  from  the  heated  flask  A 
through  the  tabes  B  and  C  into  the  condenser  D.  Surrounding  B  is  an 
annular  space  E  oonnectiag  through  F  and  the  trap  G  with  the  vessel  to  be 
exhausted*  The  tube  C  is  enh^ged  into  a  bulb  H  just  above  the  upper  end 
of  the  tube  B.     This  enlargement  is  surrounded  by  a  water  condenser  ], 
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from  which  water  is  removed  at  any  desired  height  by  means  of  the  tube  K, 
which  is  connected  to  a  water  aspirator.  The  mercury  condensing  in  D  and 
H  returns  to  the  flask  by  means  of  the  tubes  L  and  M.  The  tube  N  connects 
to  the  auxiliary  pump,  which  should  maintain  a  pressure  considerably  lower 
than  the  vapour  pressure  of  the  mercury  in  A.  In  this  pump  the  mercury 
atoms  escaping  from  the  upper  end  of  the  tube  B  radiate  out  in  all  directions. 
Part  of  them  pass  up  into  C,  but  the  larger  part  strike  the  walls  of  the 
enlargemest  H.  If  there  is  nairatvr  ki  the  conden^  ]  the  m^rcvy  which 
condenses  on^tbewftllsievaponttes  ^ain  nearly  as'fast  as-it  condenses.  The 
molecules  passing  from  the  end  of  the  tube  B  towards  the  walls  H  collide 
with  the  molecules  which  have  ovaporated  again,  ^aod  Biay  then  be  deflected 
downward  into  the  annular  space  £.  This  blast  of  mercury  vapour  down 
through  E  prevents  the  gas  from  F  from  passing  up  into  H,  so  that  under 


these  conditions  the  gas  from  F  may  pass  through:  the  p*imp.much  more 
slowly  than  if  no  mercury-vapour  were  produced  in  A.  On  the  other  hand, 
when  cold  water  circulates  through  the  condenser  J,  all  the  mercury  atoms 
striking  the  walls  of  H  are  condensed,  so  that  no  mercury  passes  down 
through  £.  The  gas  from  F  thus  passes  freely  up  throi^h  £,  and  when  it 
meets  the  mercury-vapour  blast  at  P  is  blown  jout ward  and  upward  along  the 
walls  of  the  oQpdenser  H,  and  Anally  forced  into  the  mala  stream  of  mercnry 
vapour  passing  lip  through  C  into  the  condenser  D.  The  maixi  advantages 
of  this  pump  are  (i)  simplicity  and  reliaibility>  (ii)  extremely  h^h  speed, 
(iii)  absence  Of  lower  limits  to  which  the  pressure  may  he  redncedk<  The 
speed  of  such  a  pomp  has  been  determined Jor  air.  and  hydrogen,  and  the 
results  are  given  for  an  11-litre  vesseL  The  pump  here  described  is  made  of 
glass.  Many  pomps  operating  on  -these  principles  have  also  been  made  of 
sheet  iron  electncaliy  welded.  la  a  subsequent  paper  details  will  be  gjLven 
of  other  mbdififtaiioas  of  mercory-yaponr  pumps;sDme  of  wluch  have  marked 
advanUges  in  simplicity  of  constructioa  and  in  reliability  of  operatioa  over 
that  here  described.  '  On6  particularly  efficient  type  of  pump  is  made  wholly 
bf  m«ti^,  A.  W. 
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964.  CaUbraUon  of  Divisions  on  Divided  Circles,  A.  Verscfiaffel. 
(Oomptes  Reodiis^  162.  pp;  085-989,  June  19/  19ie.)-^It  is  shown  how 
improvemeDt  may  be  made  iiithe  s^ady  ol  the  divisions  of  a  divided  circle 
by  using,  three  pelirs  of  xliametrtexUy  situated  reference  points.  Most  circles 
q£  poQcision  are  bow  provided  with  six  reading  tnicroscopes,  bat  in  the  case 
of  drclea  only  having  .one  pair  the  method  may  be  utilised  by  employing 
two  aiudliaEy  nudroscopesk     -  ,'  C.  P.  B. 

966*  Dimen&ons  of  Physical  QuaniiUes.  C.  Run|fe.  (P^s.  Zeits.  17* 
pp.  9d2-21t,  A£ay  16*  191(t)t-^Dimensions  are  not  only  useful' in  checking 
e<|«iattonsiR  the  way  Fjonrieir  used  them,  but  ateo  in  ascertainhig  the  neces- 
sary; relations :  o£  physical '  termsi  As  air  votample,  lake  a  pendulum  swihgihg 
in  an  tnfinitesiiklal  ah: )  ^.  has*  the  same  dimensions  at  ///*,  and  the  product 
gSllhza  no  xltmensions.and  has  the  samel  vahid  whatever  be  the  units ^ 
length  and  time*  Therefore  v'(^/i)x/fi:saci  Jibsolote  number^  i  ^fif,g);  and 
/,  g  cannot.be  <x>inblned  taf  orm  a  dimenaionless  f  osctiOn  or  absolute  numbek*. 
Cognate  methods  are*  applied  to  (1)  the  sorface  of  a  segment  of  a  sphere ; 
(2)  the  tension  of  a  ^ngstone  cord  ;  (8)  movement  of  a  planet ;  (4)  motion  in 
an  incomptessible  and  in  a  comt>res6ible  fkiid ;  (H)  energy  radiated  from  a 
surface  (inadequacy  of  Ra^teigh'^  law  shown,  and  Wien's  and  Stefan's^ 
formuUs  arrived  at  with  the-  aid  of  a  quanhiib).  Ih  evety  case-  &  dfmen- 
sionless  combination  is  equal  either  to  an  absolute  number  or  to  a  function 
of-  groups  of  combinations.  'In*  particular  clasps  of  problems  w^  may 
involve  the  different  uoits  in  one  another ;  for  ^example,  in  gravit^ttional 
problems  (unit  mass  at  unit  distance  produces  unit  acceleration)  we  may 
reach  [M]  =  [L'/T*]  ;  but  this  is  not  useful  in  other  parts  of  the  subject. 
Angles  are  usually  considered  to  have  no  dimensions ;  but  in  pai^icular 
problems  it  may  be  the  ratio  between  tWo  angles  which  has  no  dimensions,' 
while  the  angles  themselves  ought  to^  have  dimensions.  LogaHthmic  equa- 
tions present  anomalies,  which  can  sometimes  be  done  siway  with  by  giving 
suitable  dimensions  to  the  anti-logs.  ^  A.  D. 

966.  A  Practical  Application  of  Optical  Stress  Analysis.  Mesnager.  (Ann. 
des^  Ponte  et  Chaussees,  No.  4, 1918f.  Engineering,  101.  pp.  468-470,  May  19, 
1916.  Abstract) — Engineers  are  being  compelled  to  consider  some  very  com- 
plicated problems  In  elasticity  b^  the  constantly  increasing  use  of  reinforced 
concrete  structures,  ov^ng  to  the  rigidity  of  the  joints.  By  making  due 
allowance  for  the  stiffness  of  the  joints  ^d  for  the  flange  effect  of  the  road- 
way, it  is  possible  to  effect  a  considerable  economy  in  the  material  of  bridges. 
The  t>rinciples  of  optical  stress  analysis  have  already  been  described  by 
06ker,  but  the  author  has  applied  them  to  determining  the  actual  stresses 
existing  in  a  reinforced  concrete  bridge  which  he  designed  to  cross  the 
Rhone  at  Bahne.  A  glass  model  of  the  bridge  was  prepared,  cemented  to  a 
glass  framework,  and  the  whole  mounted  on  a  wooden  stand.  Load  was 
applied  by  means  of  calibrated  spring  balances.  By  the  use  of  a  graduated 
Babinet  compensator  in  the  polariscope  it  was  found  possible  to  determine 
the  actual  stresses  in  the  model  An  important  point  established  by  the 
investigation  was  that,  owing  to  the  assistance  afforded  by  the  roadway,  there 
was,  under  any  load,  no  stress  whatever  on  the  arch  ring  proper.  The  calcu- 
lated stresses  did  not  differ  from  the  actual  stresses  by  "more  than  14-7  %, 
which  is  less  than  the  discrepancies  gener^Iy  dbserved  in  metidlic  bridges. 
Here  errors  of  ^  ^  represent  the  average,  and  errors'of  100  %  are  knotvn.  / 

'  F.  C.A.  H,  l: 
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067.  Deiermination  of  the  Difference  of  LongUude  between  the  Observatories 
<rf  Paris  and  Washington.  B.  BaillaucL  (Comptes  Reodtts,  162.  pp.  899* 
908|  Jime  18, 1916.) — ^Tho  author  investigates  the  d^ree  of  accuracy  reached 
by  the  emplojrment  of  nidio-telegraphy  between  Paris.and  Arlington  [Abs.  1707 
(1918)].  During  the  first  experiments  the  time  of  transmission  was  taken  as 
0  088  sec,  but  in  the  present  series  the  speed  of  Hertzian  waves  between  the 
two  stations  named  has  been  found  to  be  0*021  sec  Again,  the  difference 
of  personal  equation  between  two  of  the  observers  named  was  only  in  the 
present  series  0*018  sec.  In  the  observations  dealt  ^th  in  1918  the  figure  was 
0066  sec  At  the  time  now  dealt  with,  Abraham  organised  at  Paris  and  at 
Arlington  a  series  of  experiments  of  photographic  registration  of  the  signals* 
The  present  author  is  of  opinion  that  this  series  afiFords  more  accuracy  than 
those  which  involve  the  use  of  the  telephone,  owing  to  the  elimination  of  the 
difference  of  personal  equation  of  the  observers,  especially  prevailing  when 
the  observers  are  exchanged  and  are  rendered  susceptible  to  the  difference 
in  nature  of  the  radio-telegraphic  signals  of  Paris  and  of  Arlington. 

With  regard  to  disturbances  engendered  by  atmospheric  conditions  and 
by  other  stations,  registration  at  Arlington  has  been  no  easy  matter.  On  the 
whole,  however,  during  the  period  from  11th  Dec  to  27th  Feb.,  28  very 
serviceable  photographic  records  were  obtained. 

The  results  from  the  whole  of  the  observations  are  sumnarised  as 
follows : — 

Observation  by  coincideiioes :  American  Mission,  80*668  sees. ;  FireDch 
Mission,  86*661  secs< ;  and  from  photographic  registration  by  Abraham's 
process,  86*682  sees.  £.  O.  W. 

068.  On  Two  Fundamental  Problems  in  the  Theory  of  Elastdciiy^  C  £. 
Weatherburn.  (Phil.  Mag.  82.  pp.  16-88,  July,  1916.)— Deals  with  the 
application  of  vector  integral  equations  to  problems  of  elastic  equilibrimn 
that  require  the  determination  of  the  displacement  at  any  point  of  an  elastic 
body  when  the  value  of  the  surface  displacement,  is  known  or  that  of  the 
surface  traction.  L.  H.  W. 

969.  Internal  Friction  of  Quartz  Fibres  at  Low  Temperatures,  C.  E.  Guyc 
and  M.  Einhorn-Bodzechowski.  (Archives  des  Sciences,  41.  pp.  287- 
811,  April ;  876-400,  May,  and  pp.  467-468,  June,  1916.)— A  number  of  experi- 
ments have  been  made  on  the  internal  fricfton  of  quartz  and  glass  fibres  at 
the  ordinary  temperature  and  at  low  temperatures,  the  principal  conclusions 
to  which  the  results  lead  being  as  follows  :— With  quartz,  coolL^g  to  —194^ 
produces  a  permanent  modification  of  the  physical  or  chemical  struct^^e 
which  is  manifested  in  a  persistent  increase  of  the  logarithmic  decrement* 
After  the  decrement  had  been  thus  raised,  it  was  found  to  remain  constant 
throughout  further  experiments  at  all  temperatures  between  20°  and  — 194°, 
which  were  the  limits  of  temperature  employed.  In  general  the  logarithmic 
decrement  diminishes  as  the  temperature  falls,  having  at  0°  a  value  one-half 
of  that  at  20° ;  at  —79°  the  decrease  is  less  rapid  but  still  marked,  but  further 
depression  of  the  temperature  produces  only  a  very  slight  change.  The 
second  modulus  of  elasticity  of  quartz  decreases  by  2-8*6  %  while  the  tem- 
perature falls  from  0°  to  —194°  At  0°  and  at  thq  ordinary  temperature  the 
log.  decrement  satisfies  approximately  Boltzmann's  theory,  according  ta 
which  the  log.  decrement  X  is  independent  of  the  period  T  ;  at  low  tempera- 
tures, on  the  other  hand,  the  decrement  diminishes  as  the  period  increases* 
The  theoretical  condition  enunciated  by  Voigt,  namely,  XT  =  constant,  is  not 
VOL.  XIX.— A. — 1916.  . 
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however  satisfied,  although  there  is  an  increasing  tendency  for  it  to  be  obeyed 
as  the  temperature  continues  to  fall.  The  influence  of  the  amplitude  on  the 
log.  decrement  is  very  slight,  no  such  influence  being  detectable  either  at  the 
ordinary  temperature  or  at  0°. 

With  glass  fibres,  previously  reheated,  the  decrement  resumes  its  initial 
value  when  the  fibre  is  brought  back  to  the  ordinary  temperature  from 
-f-194^«  The  decrement  is  almost  independent  of  the  amplitude  of  the  oscilla- 
tions, the  amplitudes  employed  being  not  greater  than  2*5°.  As  regards  the 
imriation  of  the  decrement  with  temperature,  glass  fibres  l>ehave  similarly  to 
those  of  quartz. .  At  ordinary  temperatures  and  at  (f  the  decrement  exhibits  a 
value  which  is  relatively  high  and  independent  of  the  period  of  the  oscilla- 
tions ;  at  low  temperatures  the  decrement  is  small,  but  it  increases  as  the 
period  diminishes,  without  however  satisfjring  the  condition,  XT  s  constant. 
Unlike  quartz,  glass  fibres  show  an  increase,  amounting  to  8  %,  in  the  second 
modulus  of  elasticity  when  the  temperature  falls  from  (f  to  ^194^ 

These  results  do  not  appear  to  favour  the  hypothesis  that  the  internal  fric- 
tion tends  to  disappear  completely  at  low  temperatures,  unless  it  is  assumed 
that  an  appreciable  part  of  the  extremdy  small  amount  of  energy  absorbed  is 
due .  to  perturbing  causes  which  have  not  yet  been  completely  eliminated ; 
such  supposition  is,  however,  scarcely  justified  by  the  results  obtained.  The 
e£Fect  observed  at  low  temperatures  is  different  in  character  from  that  mani- 
fested at  high  temperatures.  The  latter,  which  obeys  Boltzmann's  theory 
approximately,  is  explainable  only  by  relatively  complex  considerations, 
whereas  the  loss  of  energy  occurring  at  low  tempeiatures  may  be  attri- 
buted, at  least  partially,  to  an  internal  friction  which  is  a  fimction  of  the 
speed.  T.  H.  P. 

970.  National  Physical  Laboratory  Annual  Report,  1916-4916.  (Report 
[80pp.],  Teddington,  1916.  Abstracts  in  Engineering,  101.  pp.  604-406,  June  28  ; 
627-628,  June  80,  and  102.  pp.  8-5,  July  7, 1916.  Electrician,  77.  pp%  682-688, 
July  21 ;  665-666'  July  28,  and  pp.  698-596,  Aug.  4,  I916.)--Summarises  the 
work  of  the  laboratory  during  the  past  12  months.  In  the  Engineering 
Department  investigations  have  been  made  of  the  fatigue  resistance  of  steels 
under  combined  bending  and  twisting.  The  impact  testing-machines  of  the 
department  are  described  in  detail,  and  it  is  noted  that  in  these  the  anvil  is 
free  to  swing  as  well  as  the  hammer,  the  work  absorbed  by  it  being  deduced 
from  its  angular  displacement.  Railway  carriage  couplings  have  been  tested 
in  an  impact  machine  with  special  arrangements  adapted  to  the  problem  of 
finding  the  number  of  blows  of  known  force  which  a  given  coupling  will 
withstand.  The  resistance  of  tension  members  of  a  structure  to  lateral 
vibrations  has  been  investigated  by  using  wires  attached  at  either  end  by 
(a)  ordinary  screw  connections,  and  (6)  universal  joints.  It  is  found  that 
whereas  with  the  latter  a  load  of  one-third  of  the  breaking  load  will  be  borne 
for  an  unlimited  nmnber  of  vibrations  by  a  high-class  material,  with  the 
former,  on  the  other  hand,  fracture  will  take  place  after  a  few  hours  under 
one-sixth  of  the  breaking  load.  The  fatigue  strength,  under  stress  reversals, 
of  the  spruce  wood  wanted  for  aeroplane  wing  spars  has  been  determined  by 
the  Wdhler  method,  and  it  is  found  that  the  safe  limit  of  stress  of  this  wood 
is  only  1/4  qi  the  ultimate  strength,  whereas  it  is  about  1/8  in  the  case  of  steel. 
The  investigation  of  the  hardness  and  wear  of  metals  has  been  continued. 
A  description  is  given  of  the  method  of  investigating  the  rate  of  growth  of 
cracks  in  the  buildings  of  the  Tower  of  London.  The  method  of  calibration 
of  testing  machines  is  also  descrit>ed.    Steam-joint  packings  of  British  manu- 
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lacture  have  been  tested  at  the  laboratory  aild  joint  rings  ranging  from  1/tS  to 
1/8  in.  in  thickness  hs^ve  been  made  which  "tviil  successfatty  withstamd  pressures 
of  250  lbs.  per  sq.  in.  at  a  t^mpecature  of  1000°  to  1100^  P.»  withoot  any  sign 
of  breaking  down.  A  comparison  of  the  rehitivc  merits  of  kapok  and 
cork  for  use  in  floats  has  been  carried  out.  A  descriptioa  is  given  of  the  two 
new  air  chanaels»  4  ft  and  7  ft  respectivelyv  Which  hikve  been  installed  in  the 
Aeronautics  Division,  and  the  specif  probLstns  now  undergoing  invdstigitioa 
are  enumerated.  .  Fnrther  tests  have  bceft  made  of  road  materials. 

In  the  Meialk4fzy  and  Chemistry  Dtpartment  research  on  optical  glass  has 
taken  a  prominent  place  in  the  work  of  the  past  year,  and  the  research  on 
alloysy  particukurly  the  At-2q*Co  alloys,  faeas  been  resnmed.  In  the  Frouder 
National  Tank  experiments  on  the  e£Fect  of  adding  resistance  to  difEerent 
parts  of  a-ship's  hull  have  proved  the  importance  of  keeping  afl  appendages 
from,  the  bow.  As:  regards  the  relation  between  skin  friction  and  temperature, 
model  experiments  indk^te  a  diminntioa  of  the  irictional  resistance  of  8%, 
for  a  rise  of  10  deg,  F.  In  the  Physics  Dfpatiment  the  testing  of  prismatic 
and  liquid  compasses,  and  of  the.mi^netio  properties -vf  steel  have  bccopied 
much  attentiouv^  In  photometry  the  testing  of  radinm*t>ainted  diab  for. 
aeroplanes,  has  been  undertaken.  In  ib^'Hcal  Division  the  heat  insolation  of 
refractories  is  being  investigated,  whilo'the  experiments  on  Uie  heat  looses 
from  suriaces  are  being  continued^  British*made  pcroelains  Qsed  for  pyro* 
ipeter  sheaths  have  been. examined  lor  penneabili^  to  the  furnace  gases  by 
an  ingenious  method.  The  thermometers  tested  have  both  decreased  in 
number  and  deteriorated  in  quality.  The  additions  to,  and  work  of  the 
Radium  and  X-ray  sicHou  are. summarised^  In  the  Meiroiogy  DtpaHmeni  the 
testing. of  gauges  and  screw  gauges  has  t>een  undertaken  for  the  Ministry 
of  Munitions,  and  most  of  the  research  work  has  had  to  be  abandoned.  In 
the  Optics  Dapartmmt  theapparatos  for  the  testing  of  optibal  glass'  has  been 
elaborated,  and  the  results  of  the  investigation  and  design  of  lensids  for  ships" 
navigation  lights  have  been  published.  Tide  pndictsbm  lor  Brisbane  and 
KohHlak(Siam)  arc  in  progress.  J.W.T.W. 

971. .  The  Deviations  from  the  Vertical  at  Paris.  L.  Ebl6.  (Comptes 
Rendtts,  162.  pp.  880-888,  June  5, 1916.)^Acocordmg  to  the  observations  of 
Hieoker  from  1002  to  1909,  the  deviations  from'  the  vertical  at  Potsdam 
oorrespondihg  to  the  deformations  of  the  eartfa[%  crhst  ilnder  the  influence 
Of  the  moon  and  the  sim  are  relatively  greater-  along  the  parallel  ttxan  ak>ng 
the  meridian.  To  mvestigate  the  causes  of  this  dissymetry  the  lAtemational 
Association  of  Seismology  proposed  to  the  Director  of  the  Central  Meteoro- 
logical Office  to  continue  the  experiments  at  Paris,  where' the  cellars  of  the 
observatory  would  permit  of  the  apparatus  being  maintained  at  an  invariable 
temperature.  The-i^>paratus  has  functkmed  since  the  middle  of  1912.  It 
consists  of  two  horizontal  pendulums  oriented  in  the  dilutions  N.-S. 
and  E^W.,  the  displacements  being  photographically  regist^ed.  The 
apparatus  resolves  the  movements  from  the  vertical  into  two  components, 
N.--S.  and  E.-W.  For  each  of  these  the  effect  of  the  solar  and  Uhe  hmar 
attractk>ns  has  beeiK  separated  by  the  procedure  currentiy  employed  in  the 
calculation  of  the  tides.  Then,  for  each  month,  and  for  the  entire  year,  the 
mean  dhirnal  variations  of  the  deviation  under  the  inffnence  separately  of  the 
sun  and  of  the  moon  have  been  established.  Each  has  been  represented  by 
a  development  in  harmonic  series. 

The  action  of  temperature  appears  to  be  too  considerable  to  permit  of 
any  conclusion  being  drawn  from  the  form  of  the  first  two  developmedts. 
VOL.  XIX.— A.— 1916.  r^  ^ 

Digitized  by  VjOOQ IC 


QEWBRAL  PHYSICS^  867 

But  the  action  of ,  the  lunar  attraction  pan  be  considered  sufi&cienily  exact, 
and  the  ampiitt^le  o|  th^  ooireaponding  periodic  variation  as  equal  to 
0*00687"  foe  the  component  N.-S.  and  0*01005^'  for  the  componeqt  E.-W. 
Calculation  establishes  that  tf.the  earth  were  absolutely  rigid  these  deviations 
ought  to  be  0-00821"  and  QD1091''  respectively.  The  ratio  of  the  observed  to 
tbe.oalcnlatedr  amplitude  is  then  0*d5  and  0*92  for  the  two  respective  cases. 
MoreoveTi  the  great  axis  of  the.  double  ellipse  described  by  the  plumb-line 
ought  to  be  directed  along  the  paraUeL  It  makes,  on  the  contrary,  with  it 
an  angle  of  22^. 

The  mean  of  thie  experiments,  of  Hecker  at  Potsdam  has  given  for  the 
above  jiatios  0*48  and  0*6d  r«spectiv€(fy>  and  the  most  recent  ezpenments  o£ 
Michelson  at  Chicago  0*^2.  and  (y-lh  In  all  these  cases  the  deviation  observed 
approaches  more  to  the  theoretical  deviation  in  the  sense  of  the  parallel  than 
in  the  sense  of  the  meridiai^  as  if  the  earth  were  much  less  ligjki  in  the 
meridianaL  sense  than  in  the  perpendicular  aenso*  The  deviations  from  the 
yertacal  correspond  to  a  rigidity  sensibly  greater  at  Paris  than  at  Potsdam* 
To  verify  results  the  observatioiis  for  1914  have  been  subjected  td  the  same 
calculations  and  the  important  terms,  that  is  to  say  those  which  correspond 
to  the  lunar  semi-diutnal  attractic^y  were  found  to  preserve  the  iame  order 
of  magnitude.  The  amplitude  observed  represents  0*60  for  the  component 
N.r-S.  and  0-98  for  the  component  E.-W.  of  the  theoretical  amplitude. 

The  registration  has  been  pursued. during  the  year  1916,  and  the  first  half 
of  the  current  year*  .  E.  O.  W. 

d72.  Graviidtion  and  Temperature,  P,  fc.  Shaw.  (Nature,  97.  pp.  400- 
401,  July  18, 1916.)— Replying  to  J.  L.  [see  Abs.  860,  861  (1916)]  the  author 
reviews  the  work  of  Kepler  (third  law),  Bessel's  pendulum  experipfients,  the 
results  obtained  by  Poynting  and  Phillips,  and  his  own  recent  work.  He 
then  discusses  the  formula  suggested  by  Poynting  and  Phillips,,  namely^ 

p-g^^i^l4,fl^^+^^,  attributing    the    temperature    term    of    the 

attraction  to  a  vibratory  motion  like  Challis's  wave  theory  of  cavitation,  or 
to  some  resonance  effect  as  suggested  by  C.  V.  Burton. 

It  was  also  pointed  out  that  the  temperature  effect  of  gravitation  observed 
by  thC;  author  is  of  the  order  one-seventh  of  the  cubical  expansion  of  the 
substance  (lead)  used  for  the  large  masses  which  were  heated.  J.  L[annor]. 
(Ibid.  p.  421,  July  20, 1916.)  E.  H.  B. 

978.  GravifaHon  and  Electric  Charges.  E.  H.  Kennard.  (Science,  48. 
pp.  988-029,  June  80,  1916.)— Recently  F.  E.  Nipher  suggested  that  deter- 
minations of  the  gravitation-  constant  might  be  in  error,  owing  to  the  force 
between  electric  charges  on  the  attracting  masses  [see  Abs.  640  (1916)].  The 
point  is  interestmg,  but  in  estimating  the  possible  magnitude  of  the  effect  the 
author  seems  tdliave  efred  by  using  for  the  capacity  of  the  sphere  the  value 
which  only  holds  when  the  sphere  is  alone  in  space.  It  is  concluded,  there- 
fore, that  any  error  due  to  electrical  attraction  is  hardly  likely  to  exceed  the 
very  small  discrepancies  between  the  best  modem  determinations  of  the 
constant.  C.  Davisiston.  (Science,  48.  p.  929,  June  80, 1916.)— Referring  to 
P.  E.  Nipher^s  criticism  about  electrical  disturbances  in  gravitation  deter- 
minations [see  Abs.  640  (1916)]  Davisson  points  out  here  that  such  determina- 
tions were  carried  out  with  systems  shielded  in  some  way,  eg,,  in  Boys' 
experiment  the  torsional  system  was  enclosed  in  a  double  metal  casing  and 
the  apparatus  installed  in  an  underground  vault.  There  is  tittle  reason  to 
think  that  the  error  in  "C*  is  more  than  1  in  8000.  E.  H.  B. 
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974.  Impossibility  of  an  Absolute  Mass  System  as  a  Consequence  of  the 
New  Relativity  Theory  of  Gravitation.  J.  I^hiwara.  (Math.  Phys,  Soc., 
Tbky6,  Proc.  8.  pp.  481-486,  May,  1018.)^~The  present  paper  is  an  exlen- 
sion  of  previous  investigations  by  the  author  on  this  subject  [see  Abs.  752, 
018,  and  968  (1916)].  For  the  dimensional  presentation  of  all  physical 
quantities,  6  fundamental  magnitudes  are  necessary — namely  :  length,  time, 
mass,  electrical  quantity,  and  temperature.  On  the  other  hand,  nature 
possesses  5  independent  universal  constants,  viz.,  Newton's  gravitation, 
Planck's  radiation,  Boltzmann's  entropy,  light  velocity  in  vacuo,  and  the 
vacuo  dielectric  (or  magnetic  permeability}  constants.  These  latter  cannot 
be  determined  inidependent  of  each  other,  since  the  fundamental  quantities  • 
depend  upon  choice  of  units.  The  units  can  be  made  independent  of  any 
particular  substance  if  given  values  are  assigned  to  the  6  fundamental  con- 
stants, and  such  a  mass  S3r8tem  was  termed  by  Planck  a  natural  system.  The 
absolute  significance  of  the  system,  however,  was  not  evident  until  the  exig- 
ence of  the  nuiiation  constant  had  been  established.  The  introduction  of  a 
new  physical  quantity,  therefore,  must  be  accompanied  by  the  simultaneous 
appearance  of  a  new  universal  constant  if  the  natural  mass  system  is  to  be 
maintained.  When  the  principle  of  r^tivity  is  applied  to  gravitation,  how- 
ever,  it  is  found  that  one  of  the  5  universal  constants  loses  its  characteristics, 
e^.,  according  to  Nordstrom  the  gravitational  constant  is  without  dimensions^ 
while  Einstein,  Abraham,  and  the  present  author  find  the  vacuum  light- 
velocity  to  be  identical  with  the  gravitational  potential.  In  consequence, 
before  the  natural  mass  system  caa  be  established  as  absolute  another  con- 
stant must  be  found.  An  investigation  is  given  in  the  paper  of  finding 
whether  the  value  of  the  gravitational  potential  at  infinity,  which  is  intro- 
duced mathematically  as  the  integration  constant  of  the  field  equation  and  is 
a  positive  quantity,  can  be  regarded  as  such  a  constant.  It  is  found  that  the 
mass  system  would  in  such  a  case  depend  on  the  position  of  our  part  of  the 
universe,  and,  in  consequence,  could  not  be  regarded  as  an  absolute  natural 
system.  The  same  result  has  been  obtained  by  the  author  using  Tolman's 
"  Principle  of  Similitude."  The  author  remarks,  however,  that  the  provisional 
mass  system,  obtained  by  the  introduction  of  the  gravitational  potential  iat 
infinity  as  a  constant,  remains  absolute  for  all  practical  purposes — a  result 
which  applies  to  the  unit  of  time.  H.  H.  Ho. 

976.  R,  C.  Tolman's  Principle  of  Similitude.  [Mrs.]  T.  Ehrenftest- 
Afanas^ewa.  (Phys.  Rev.  8.  pp.  1-7,  July,  1916.)— An  accurate  analysis 
shows  that  Tolman's  considerations  possess  at  least  a  close  connection  with 
the  reduction  to  a  definite  hypothesis  of  the  conviction  of  the  homogeneity 
of  all  the  equations  of  physics — ^a  conviction  which  is  commonly  used  without 
any  foundation.  This  is  not  the  intention  of  the  author,  as  appears  from  his 
third  paper  on  the  same  subject  [see  Abs.  1488  (1915)],  yet  he  really  does 
nothing  else  but  construct  a  system  of  dimensions  of  his  own  (indeed  one 
that  in  some  respects  deviates  from  the  C.G.S.  system),  and  he  examines  all 
equations  with  a  view  to  homogeneity  as  regards  this  system  qf  dimensions. 

The  present  authoress  has  already  treated  from  a  considerably  di£Ferent 
point  of  view  the  mathematical  relations  which  form  the  basis  of  all  such 
considerations.  The  relation  between  the  transformation  with  the  aid  of  a 
model  and  the  transformation  of  units  is  also  treated  there,  but  in  the  present 
paper  the  subject  is  treated  from  Tolman's  point  of  view. 

It  is  concluded  that  the  widely  spread  conviction  of  the  homogeneity  of 
all  physical  equations  with  regard  to  the  C.G.S.  Sjrstem  would  be  reduced  to 
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the  hypothec  of  the  possibility  of  a  model  univer^,  if  one  could  be  sure : 
(1)  that  a  model  universe  in  the  sense  defined  is  possible ;  (2)  that  we  possess 
all  equations  which  are  wanted- for  a  full  descripiiOn  of  the  whole  universe  ; 
(8)  that  the  latter  condition  is  especially  fulfilled  by  those  equations  which  in 
the  C.G.S.  system  serve  to  fix  the  dimensions  of  the  different  quantities. 

E.  H.  B. 

976.  Homogeneity  of  Physical  Equations.  R.  C.  Tolman.  (Phys.  Rev. 
8.  pp.  8^11,  July,  1916.) — Mrs.  Ehrenfest-Afanassjewa  has  presented  in  the 
paper  on  Similitude  [see  preceding  Abs.]  a  very  satisfactory  and  general  treat- 
ment of  the  conditions  which  must  be  fulfilled  if  a  set  of  physical  equations 
are  to  be  homogeneous  with  respect  to  a  given  transformation.  She  has 
also  shown  that  the  possibility  of  constructing  a  miniature  (model)  universe, 
in  which  all  the  laws  of  physical  behaviour  would  be  identical  even  to 
numerical  coefficients  with  those  in  our  own  universe,  depends  on  the 
possibility  of  finding  a  homogeneous  transformation  for  all  the  funda- 
mental equations  of  physics  in  which  at  least  one  of  the  factors  can  be 
taken  as  arbitrary.  With  these  conclusions  the  present  author  ajgrees 
entirely. 

He  agrees  also  that  the  principles  of  dimensional  homogeneity  and  of 
similitude  can  be  shown  to  involve  three  arbitrary  multipliers  and  only  one 
arbitrary  multiplier  respectively.  But  he  objects  that,  because  of  this,  the 
theory  of  similitude  should  be  spoken  of  as  merely  another  system  of  dimen- 
sions differing  from  the  C.G.S.  system.  Although  this  method  of  speaking  is 
perhaps  logically  possible,  the  present  author  holds  it  to  be  very  undesirable, 
since  he  does  not  believe  that  the  principle  of  similitude  determines  what  is 
ordinarily  meant  by  a  set  of  dimensions. 

He  contends  that  the  dimensions  of  a  quantity  may  be  best  regarded  as  a 
shorthand  statement  of  the  definition  of  that  kind  of  quantity  in  terms  of 
certain  fundamental  kinds  of  quantity,  and  hence  also  as  an  expression  of  the 
essential  physical  nature  of  the  quantity  in  question.  E.  H.  B. 

977,  Motion  of  Solids  in  a  Liquid  possessing  Vorticity,  J.  Proudman. 
(Roy.  Soc.,  Proc.  92.  pp.  408-424,  July  1, 1916.)— The  paper  contains  investi- 
gations which  are  an  extension  c^  some  as  yet  unpublished  results  obtained 
by  G.  I.  Taylor.  The  equations  of  motion  of  any  system  of  solids  in  a  liquid 
which  moves  without  vorticity  were  obtained  by  Kelvin  by  a  method  based 
on  that  of  ignorable  coordinates  in  ordinary  dynamics.  Various  writers, 
such  as  Lamb,  have  obtained  them  by  an  adaptation  to  hydrodynamics  of 
Lagrange's  original  method.  Lamb's  work  leads  to  some  hydrokinematical 
relations  which  are  referred  to  in  the  paper..  For  the  rotational  problems 
under  discussion  an  attempt  to  obtain  a  Lagrangian  function  has  only  been 
successful  in  one  case,  namely,  the  two-dimensional  motion,  with  uniform 
vorticity,  which  at  infinity  reduces  to  a  rotattion  about  an  axis.  In  other 
cases,  instead  of  bringing  into  the  equations  the  effects  of  the  inertia  of  the 
solids,  restriction  is  made  to  the  finding  of  the  generalised  components  of 
liquid  pressure  on  the  solids.  For  two-dimensional  problems  with  uniform 
vorticity  this  is  immediately  effected  by  an  extension  of  the  ordinary  pressure 
formula.  For  three-dimensional  problems,  constant  uniform  vorticity  becomes 
impossible,  and  the  motion  of  the  liquid  depends  not  only  on  the  instaa-^ 
taneous  motion  of  the  solids  but  also  on  its  past  state.  Throughout  the 
consideration  of  these  problems  the  motion  is  referred  to  axes  which  rotate 
with  constant  angular  velocity.    The  determination  of  the  pressure  is  first 
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redaced  to  a  sokition  of  a  Neumann's  proUem,  and  the  method  is  then 
applied  to  calculate  the  pressure  components  m  any  case  of  initial  motion. 
Two  general  problems  of  continued  motion  are  then  formally  solved  by 
means  of  infinite  power  series  in  the  time.  The  first  of  these  concerns  the 
evolution  of  any  given  small:  relative  motion  Inside  a  rotating  envelope  ;  the 
second  concerns  the  motion  of  a  t>ody  without  relative  rotation  in  a  liquid 
which  extends  to  infinity  and  is  there  at  relative  rest.  The  coefficients  in 
the  power  series  are  derived  from  a  certain  sequence  of  functions  of  position, 
and  each  function  may  be  found  from  the  two  immediately  preceding  ones 
by  the  solution  of  a  Neumann's  problem.  The  convergence  of  the  power 
series  is  not  here  established,  but  for  the  special  case  of  a  spherical  botmdary 
the  series  have  been  shown  to  be  hi^ly  convergent  To  render  the  problems 
mathematically  determinate  in  as  simple  a  way  as  pos^le,  motion  at  the 
outer  boundary  or  infinity  is  prescribed.  H.  H.  Ho; 

078.  The  Flow  of  Air  through  Nozzles.  T.  B.  Morley.  (Inst,  Mechi 
Eng.,  J.  2.  pp.  51-89;  Disc,  89-9!i,  Feb.,  and  8:  pp.  98-110,  March,  1918. 
Engineering,  101.  pp.  91-94,  Jan.  ^,  and  pp.  102-104,  Feb.  4,  1918.>— The 
primary  object  of  the  experiments  was  to  compare  various  forms  of  iK>zzles, 
with  regard  to  their  effectiveness  for  the  production  of  jets  of  air  having  as 
high  a  mean  velocity  as  possible.  This  forms  the  subject  of  Section  I,  in 
which  the  greater  part  refers  to  experitnents  on  no2zl<efs  only.  The  nozzles 
were  all  made  of  gun-metal,  and  the  features,  the  influence  of  which  was 
investigated,  were  the  entrance  curves,  the'  rate  of  divergence  after  the 
throat,  and  the  length.  The  latter  two  together  determine  the  ratio  of  the 
cross-sections  at  the  outlet  and  at  the  throat.  With  one  exception,  the  nozzles 
were  originally  of  the  convergent-divergent  type,  and  after  behig  tested  in 
this  form  were  cut  down  to  successively  shorter  lengths.  *  Several  diagrams 
illustrate  the  types  of  nozzle  used,  The  method  adopted  for  the  measure- 
ment of  the  discharge  con^sted  in  determining  the  time  rate  of  change  ct 
pressure  and  of  temperature  in  a  large  ci6sed  reservoir  from  which  air  was 
allowed  to  escape  into  the  atmosphere  through  the  nozzle  under  test  The 
methods  of  measuring  the  velocity  of  the  air- jets  that  were  eonstdered  were 
(a)  the  Pitot  tube,  (b)  measurement  of  the  reaction,  and  (c)  measurement  of 
the  impact  of  the  jet  upon  a  surface  of  known  form,  the  most  suitable  surface 
being  a  flat  plate  placed  nOrihally  to  the  jet  and  hitge  enough  to  ensure  that 
the  aii-  should  leave  the  plate  tangentially.  In  comparing  these  methods,  it 
was  always  kept  in  mind  that  the  mean  or  "  eiJFective  "  velocity  of  the  jet  was 
the  object  aimed  at — that  is,  the  measure  of  the  effecliv6ness  of  tbe  jet  for 
employment  in,  say,  a  compressed-air  turbine  or  for  jet-propul^km  by 
reaction.  After  careful  experimentaBon  the  impact  method  was  first  adopted, 
but  in  view  of  the  differences  discovered  when  the  plate  was  at  varying 
distances  from  the  nozzles,  the  reaction  method  was  also  employed.  The 
apparatus  used  receives  most  detailed  descripti6n,  while  a  large  number  of 
diagrams  are  given  to  illustrate  the  results.  According  to  the  theory.  We 
should  expect  the  shorter  nozzles  to  be  the  best  for  low  pressures,  but  that  at 
higher  pressures  rather  longer  nozzles,  of  the  same  taper,  shotild  be  the  best. 
The  range  of  pressures  available  in  the  experiments  was  too  limited  to  permit 
of  full  investigation  of  this  point,  but  so  far  ias  the  tests  go,  the  nozzle  which 
is  better  than  another  of  the  same  group  (that  is,  having  the  same  throat  and 
same  taper)  at  one  pressure' is  found  to  be  better  at  all  pressures.  Prom  the' 
absolute  values  of  the  velocities  obtained  with  the  best  forms  of  nozzle  it  was 
found  that  those  based  upon  the  reactions  are  practically  equal  to  the 
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theoFefjcai  values,  viifxtQ  the  impaot  experiments  lead  to  figures  some  12  % 
higher.  The  discrepancy  in  the  results  of  the  two  methods  forms  the  subject 
of  a  separate  aijivestigation  which  is  descril^  in  Section  II,  and  from  which 
it  appears  that  the  vdocitjr  calculated  frtom  the  reaction  is  correct  The 
efficiency  of  the  best  forms  of  nozzle  is  thus  practically  unity «  In  view  of 
the  good  results  obtained  with  very  short  aozeles,  two  ^mple  orifices  were 
also  tested,  and  were  found  to  give  reaction  and  impact  results  very  similar 
to  those  obtained  for  the  nozzles.  The  author  summarises  his  conclusions  as 
follows :— In  the  flow  of  air  through  an  orifice  it  is  evident  that  a  vena 
coniracta  exists,  the  size  of  which  depends  upon .  the  pressure  of  the  air 
supply,  so  that  the  discharge  coelBdent  is  variable,  increa^ng  as  the  pressure 
increases,  A  convergent  no^le  with  a  rounded  inlet  may  have  a  discharge 
coefficient  of  008  if  it  is  short ;  ai|d,  sio  long  as  thene  is  no  sharp  change  of 
curvature,  alterations  in  the  form  of  the  entrance  curve  have  very  little  effect 
upon  the  coefficient.  The  addition  of  a  divergent  part  after  the  throat 
sUght^  reducQS  the  coefficient  unless  the  taper  is  very  gradual  The 
efficiency  of  nozzles  and  prifices,  a»  measured  by  the  mean  velocity -of  the 
jet  produced,  is  very  high  indeed^  becoming  practically  unity  if  they  are  of 
the  proper  form.  Fo^  pressures  up  to  ^  lb.  per  sq.  in.,  orifices  and  conver- 
gent nozzles  are  practically  equally  good.  While  the  addition  of  a  short  and 
very  gradually  divergent  part  to  a  nozzle  may  slightly  improve  its  efficiency^ 
it  appears  that  in  general,  and  withiq  the  pressure  limits  of  the  experiment,  a 
divergent  part  added  to  an  air*nozzle  is  not  an  advantage,  and  if  such  a  part 
has  more  than  a  gradual  taper,  it  reduces  the  efficienq^  of  the  nozzle  very  seri- 
ously. The  effect  of  extra  length  is.  not  sp  deleterious  as  that  of  a  rs^id  rate 
of  divergence.  'In  the  case  of  divergent  nozzles,  an  entrance  curve  of  about 
0*6  in.  radius  gives  an  appreciably  higher  efficiency  than  one  of  0*1  in.  radius. 

'  Seotfoh  II  deals  with  th^  nature  of  the  impact  produced  by  a  jet  upon  a 
flat  plate,  and  its  relationship  to  the  reaction  oJF  the  jet.  Ah  important  deduc- 
tion f«cm  the  results  is  that,  for  the  determination  of  jet*  velocities,  it  is 
better  to-  measure  the  reaction  of  the  jet  rather  than  the  impact,  unless 
spiecial  means  are  employed  to  check,  or  to  neutralise  the  effect  of  air- 
currents  induced  in  the  atmosphere  snrromiding  the  jet. 

>  A  discubsion  concludes-the  paper.  H.  H.  Ho. 

•  9^.  Flow  cfCompressihU  Fluid  past  an  Obslacle.  Kayleigh.  (Phfl.Mag. 
83.  pp.  l-i6,  July,  19116^.)— It  is  well  known  that  according  to  classical  hydro- 
dyilamics  a  steady  stream  of  frf6tionless  incompressible  fluid  exercises  no 
resultant  force  upon  an  obstacle,  such  as  a  rigid  sphere,  immersed  in  it.  The 
development  of  a  "resistance"  is  usually  attributed  to  viscosity,  or  when 
there  is  a  sharp  edge  to  the  negative  pressure  which  may  accompany  it. 
The  absence  of  resistance  is  asserted  for  an  incompressible  fluid ;  but  it  can 
hardly  be  supposed  that  a  small  degree  of  compressibility,  as  in  water,  would 
affect  the  conclusion.  On  the  other  hand,  high  relative  velocities,  exceeding 
that  of  sound  in  the  fluid,  must  entirely  aiter  the  conditions.  For  cylinders 
and  spheres  the  case  is  worked  out  for  compressible  fluids,  and  it  is  found 
that  for  speeds  small  comjpared  with  that  of  sound  in  the  fluid  there  can  be  no 
resistance  as  the  result  of  compressibility.  E.  H.  B. 

9M.  Brasher  Air  Breakwater.    (Engineering,  122.  p.  47S,  June  9, 1916.)— 

Shows  by  a  diagram  how  the  air-jets  under  the  waves  so  change  the  air 

pressures  at  the  surface  as  to  quiet  the  waves  instead  of  allowing  the  wind  to 

aggravate  their  intensity.  E.  H.  B. 
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981.  Turbulent  Moihn  of  Fluids  in  a  Cylindrical  Tube.  P.  Zeeman. 
(K.  Akad.  Amsterdam,  Proc.  18.  No.  8.  pp.  1%40-iWI,  1916.)— Describes 
an  optical  method  for  determining  the  ratio  between  the  mean  and  max. 
velocities  in  the  turbulent  motion  of  fluids  in  a  cylindrical  tube.  In  the 
author's  experiments  on  the  Fresnel  coefiGicient  for  different  colours  [Abs. 
152S  (1916)]  the  mean  velocity  of  the  water  current  was  found  by  determining 
the  total  volume  that  had  passed  through  the  tubes.  The  max.  velocity  near 
the  axis  of  the  tubes  was  then  found  by  dividing  the  mean  velocity  by  0*84. 
This  number  has  now  been  re-determined  under  the  same  conditions  as  occur 
in  the  Fizeau  experiment,  and  no  measuring  apparatus  was  introduced  into 
the  tube.  Full  details  of  the  method,  which  involves  the  use  of  a  rotating 
mirror  for  determining  the  velocities  of  small  gas*bubbles  carried  along  by 
the  water,  are  given.  The  mean  result  of  the  observations  gives  a  value  0*848 
for  the  ratio  of  the  mean  and  max.  velocities.  A.  W. 

982.  EquiUbriattng  Masses  relating  at  High  Velocities.  C.  L.  Ricci. 
(Accad.  Sci.  Torino,  Atti,  61.  2a.  pp.  86-111,  and  8a.  pp.  160-198, 1916-1916.)— 
The  first  part  of  a  mathematical  treiitise  on  the  subject  of  applying  corrections 
to  rotating  masses  so  as  to  make  the  axis  of  rotatioit  and  the  principal  axis  of 
inertia  coincide.  The  correction  may  be  computed  from  observations  taken 
by  a  dynamic  method  in  accordance  with  a  theory  which  analjrses  the  whole 
system  of  centrifugal  forces  concerned.  According  to  the  author's  method, 
comparison  of  the  original  motion  with  that  observed  when  a  single  correction- 
mass  is  added  enables  the  whole  correction  required  to  be  very  approximately 
computed.    In  taking  the  observations,  a  stroboscopic  method  is  used. 

A.D. 

983.  Negative  Liquid  Pressure  at  High  Temperatures.  S.  Skinner. 
(Nature,  97.  p.  403,  July  18,  1916.)— In  the  paper  by  the  author  and  F. 
Entwistle  upon  the  effect  of  temperature  on  the  hissing  of  water  when  flowing 
through  a  constricted  tube  [see  Abs.  1440  (1916)]  a  determination;  was  made 
of  the  temperature  coefi&cient  of  an  effect  which  indicates  that  the  tensile 
strength  of  water  would  be  zero  at  a  temperature  between  279^  C^  and  868°  C, 
with  a  mean  from  all  the  experiments  published  of  828^0.  J.  Larmor's 
calculated  result,  266°  C,  quoted  by  him  (Nature,  June  29),  agrees  satisfac- 
torily with  the  experimental  value,  if  we  take  into  account  the  difficulty 
of  getting  the  precise  point  at  which  hissing  ceases,  and  that  the  result  was 
obtained  by  extrapolation  from  observations  taken  at  temperatures  t>etween 
12°  and  99°  C  The  author's  own  view  was  that  the  tensile  strength  of  a  liquid 
would  become  zero  at  its  critical  temperature.  It  is  of  very  great  interest 
that  J.  Larmor  has  been  able  to  show  mathematically  that  the  negative 
pressure  can  only  subsist  at  absolute  temperatures  below  27/82  of  the  critical 
temperature  of  a  substance.  E.  H.  B. 

084.  A  Double  Screw  Propeller  for  Ships.  H.  Hass.  (Zeats.  Vereines 
Deutsch.  Ing.  60.  pp.  621-628,  June  24, 1916.)— Describes  experiments  on  the 
use  of  a  double  screw  propeller,  consisting  of  two  screws  placed  coaxially  one 
behind  the  other  and  rotating  in  opposite  directions  either  with  the  same  or 
with  different  speeds.  The  arrangement  and  design  of  the  screws  is  described 
at  length  in  the  paper  with  photographs.  In  the  actual  trials  the  increase  of 
speed  attained  with  the  double  screw  was  inconsiderable,  but  it  was  stated 
that  the  boat  was  under  t>etter  control  with  the  double  screw  than  with 
an  ordinary  single  screw.  J,  W.  T.  W. 
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986.  Brownian  Movement.  J.  D.  van  der  Waals,  Jf .,  and  [Miss]  A. 
Snethlage.  (K.  Akad^  Amsterdam^  Proc.  18.  No.  8.  pp.  1822-1884, 1010.)— 
A  mathematical  discussion  of  the  expression  for  the  average  displacement  A 
in  time  t  in  consequence  of  the  Brownian  movement  The  authors  obtain  the 
formula  A» «  (8</4^*) x/(RTmy^irN).    [See  Abs.  960  (1907).]  E.  H.  B. 

9Se.  Crysials  and  CrystaUfortes.  F.  E.  Wright.  (Washington  Acad. 
Sci.,  J.  8.  pp.  828-882,  June  4, 1916.  Paper  read  before  the  Geological  Soc. 
of  America,  Dec.,  1915.>-JRecent  researches  have  shown  the  reality  and 
importance  of  crystal-forces,  and  the  problem  of  actually  measuring  these 
forces  is  rapidly  approaching  the  st^e  at  which  direct  experimental  research 
will  beconle  possible.  In  preparation  for  this  shige  the  Geophysical 
Laboratdry  is  niaking  arrangements  for  measuring  accurately  the  changes 
in  the  ccystallograpbic  and  optical  constants  of  crystals  itom  —190^  to 
+  1600P  C,  and  from  1  to  2000  atmos.  pi^^sstire;  T.  M.  L. 

987.  Spreading  of  Pure  and  Mixed  Liquids  on  Water.  A.  Pockels. 
(Phjrs.  Zeits.  17.  pp.  142-145,  April  16, 1916.)— The  spreading  of  a  drop  of  a 
liquid  immiscible  with  water  on  the  surface  of  the  latter  depends  on  the 
volatility  of  the  liquid,  on  whether  a  surface  solution  is  formed,  on  whether 
the  liquid  is  soluble  in  the  interior  of  the  water,  etc.  The  saturated  hydro- 
carbons are  inactive,  that  is,  they  form  no  solution  stream.  If  71  and  yj  are 
the  sutface  t^n^ons  of  wirter  and  the  other  fiquid  respectively,  yw  the  tension 
of  their  common  su^ce,  a  drop  of  an  inactive  liquid  will  spread  out  on  a 
pure  water  surface  If  yi  >rt+  r»>  ^^^  ^^  ^^^  surface  becomes  contaminated,  the 
spreading  ceases  as  soon  as  the  diminution  7/  =  y^  s  yt  +  r»'  Benzine  and 
petroletoi  spread  out  to  thin  coloured  films,  but  the  best  refined  American 
petn^um  gives  a  leiks-shaped  globule,  and  the  same  is  the  case  with  a  drop 
of  liquefied  paraffin  wax  on  hot  water.  In  these  last  cases  the  equilibrium 
tension,  or  yt  +  rit>  ^^  greater  than'  the  nom^il  surface-tension  of  water  at 
the  same  temperature  [see  Hardy,  Abs.  1894  (1918)].  It  is  possible  that 
indivicliial  saturated  hydrocarbons  never  spread.  Benzene  would,  since 
yt  +  y\%<  fit  spread  over  the  whole  surface  of  water,  if  it  were  not  pre- 
vented by  the  adsorption  of  its  vapour  at  the  surface  of  the  water,  this 
reducing  71  to  0*88  times  its  normal  value ;  colours  appear  on  the  layer  only 
after  prolonged  evaporation,  possibly  owing  to  increasing  concentration  of 
dissolved  impurities,  but  the  vapour  of  this  thin  layer  passes  back  and  dis- 
s<rfve8  in  the  drop,  71  becoming  normal  again  when  all  has  evaporated.  If  a 
small  l^ter  surface  covered  with  a  deep  layer  of  benzene  is  expanded,  the 
layer  breaks  before  interference  colours  appear.  With  ether,  the  behaviour 
is  similar  to  but  more  pronounced  than  that  of  benzene,  so  that  ether  never 
spreads  out  to  a  coloured  layer,  but  stands  steadily  on  an  abnormal  surface  in 
a  thick  layer,  the  equilibrium  tension  being  0*42  times  the  normal  value. 
Aniline  (titSs  0*71)  and  cartx)n  disulphide  (7,  >1)  do  not  spread  out  on  water. 

With  oleic  acid,  stearic  acid,  and  purified  olive  oil,  spreading  is  opposed 
by  the  formation  of  a  surface  solution,  and  the  saturation  tension  (7,)  of  the 
latter,  ^hich  forms  almost  instantaneously  on  a  small  surface,  plays  a  role 
similar  to  that  of  the  vapomr  anomalies  with  benzene ;  none  of  these  liquids 
exhibits  spreading.  Measurements  of  7,  at  different  temperatures  show  that 
7,  diminishes  as  the  temperature  rises,  but  much  more  slowly  than  the  normal 
tension  of  water  (71),  so  that  the  max.  anomaly  produced  by  an  active  sub- 
stance is  greatei<  on  cold  water  than  on  hot. 

A  mixture  of  two  liquids,  neither  of  which  alone  spreads  out— such  as 
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pure  petroleum  with  f  un6pd  olive  ^  or  KStefric  aoidr— sfireads  out  to  Jt  li^er 
giving  interference  colours ;  the:additio|»  of  an  M:tive  sobstince  ^  owto  leas 
active  or  inactive  strongly  depresses  yn  and  therefore  7^  while  the  diminished 
7^  of  the  surrounding  water  surface  is  not  xe^ched*  The  spreading  attains  a 
maximum  for  a  definite  concentration.  Considerajtlon  of  the  resnk&oblaified 
leads  to  the  conclusion  that  no  perfectly  pure,  chemically  individual  liquid 
immiscible  with  water  .will  spread  out  jon  the  latter  to  a  thin  coberent  layer. 
,  T.  H.  P. 

.  ,988.  fqlman's  Priuc^U,  <^  SimilarHy  0nd  /|r<  Law  of  Gravitaiian. 
J.  Ishiwar<a.  (Tohoku  Uiniv.,  Sci,  Reports^  5,  No.  !•  pp-  dMSy  1916.)— 
The  principle  ol  simila^ty  introduce  by  R.  (X  Tplman  [see  Abs.  1188^1916)} 
as  a  new  physical  pruiciple  is  stated, as  ioUows;  The  fundamental  entities 
of  which  the  physical  universe  is  tmaflp  up  are  of  such  ,a  natae  that  a 
completely  similar  universe  to  the  .actual  lone  can:  be  ootstrupted  from 
them  in  miniature.  This  derived  universe  Tolman  constructs  on  the  principle 
that  all  physically  variabl^^  quantities  change  their  numerical  values  in  certain 
fixed  ratios,  eg.  bstween  the  lengths  l»ndl',  inte^va)^  /  and  ^,ma9S|)SiMr^nd  m\ 
electricities  c  and  ^,  temperatures  X  ^^  X  ^^T^  ^'^  ^^^  relationships : 
/'  =  jt/,  i'  =  4f/;,  m'  ==i»r|  m,  ^  ^  xe,  Tzszjt^  T,  wjjere  .x  is  ^jay  suitable  number^ 
Transformation  formulae^  for  all  other  quantitiefs  foUpw.by^inaensipnal  con- 
siderations, ^his  S3rstem  of  transfonpoations,  Im  been  eluded- by  Tolman 
to  functional  relationships  between  different,  quaiititips.  By  many  varied 
applications  Tolman  found  complete  ag^eemef^t.in  the  case  o£  aU  natwal 
laws  with  the  single  exception  of  the  law  of  gravitation,  an^d  o^.ih^  ground 
he  doubted  the  validity  of  the  Newtonian  law.  /Nordstrom  isco^vinQad  that 
while  his  gravitational  theory  is  in  opposition  to  ^hat  of  Newton  it  as  com- 
patible with  that  of  Tolnian.  The  results  pf  the  pre^nit  investigation  ^re  as 
follows: — (1)  The  Tolman  principle  is  to  be  regarded  as  a  special  result  of 
the  impossibility  of  absolute  natural  units  of  ,n:iass^.  (2)  Every  rational 
gravitation  theory  (e^.  that  of  Nordstrom),  supports  this  impossibility*  .  Only 
four  independent  natural  constants  are  recqgni^  whose /v^ikiesr^imy. be 
universally  fixed^  while  for  complete  determinatioff  of  cfHDpiete  jnass:^ystems 
five  fundamental  ipass  units  are  re^uisite^  <8)  Tohnan's  mass  tcanslormation 
system  is  so  arranged  that  the  four  natural  9pnstants  aren  invariant,  and  it 
depends,  therefore^  on  a  special  gravitation  theory*  (i)  For  the  determina- 
tion of  the  functional  relationship ,  between  difiefent  states  of  matter  the 
dimjsnsional  method  is  much  more  suitable /than  Tolman's  s<^mQ  of  mass 
transformation.  U.H*.Ho. 

989.  Measurement  of  H/orizontai  and  VerUeal  Uwemni  im.  ike  Atmo^kerc. 
M.  Tenanl.  (N.  Cifziento,  11.  pp.  87-H  J^.TFeb.j,  19l6.>-rA  small  oapttve 
balloon  is  employed.  The  ^:urve  of  the  cord  is  assmed  to  be  a  catenary. 
The  problem  thenjs-^Given  (1\  the  weight  <tf  the  cord  per  unit  of  i  lengthy  (fi) 
the  tension  at  the  lower  end  of  the  cord  (measured  by  -m  dynamometer),  and 
(8)  the  ang^e  ma4e  with  the  horizontal  by.  the  lower  ^d  of  the  oocd,  find 
(a)  the  tension  at  the  upper , end  of  the  cordiadyi:  (6>  its  direction.  These, 
with  thq  known  s^pisional  ifcx-ce  pf  t})^.  bsrilPOfl^^fnaUe*  tiie  required  air- 
current  data  to  be  computed,    ;.  I  ;,      i    .  A.D. 

990!  The  f^aifrfail  of  California..  A.  Q,  ]k((c4die,  (Univ.QC/Qalilomia,. 
Publ.  in  Geography,  1.  No.  4.  pp.  127H34ft  Fel^.  19,  WW.)-rThifl. describes  in 
considerable  detail  il^  amount  and  charact^.  of  4b^  rain. and.  snowfall  over 
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the  various  parts,  of  the  State  of  Calif ortiia.  The  average  annxial  faU  varies 
from  about  S.io.  in  the  inland  districts  of  the  extreme  south  to  over  50  in.  on 
the  western  slopes  of  the  Coast  Range  m  the  exti^eme  north,  and  of  the  Sierra 
Nevadas  in  the  east  of-  the  State*  The  distribation  is  controlled  mainly  by 
five  factors :  (1)  position  and  intensity  of  the  Aleutian  low-pressure  area  and 
theicontinential  high-pressure  area-,  (2)  the  prevailing  winds  which  usually 
blow  irocd  a  westerly  pointy  espeeialljr  in .  winter,  (&)  the  proximity  of  the 
Pacific  Ocean,  (4)  due  topogtzpixy,  and  (5)  ocean  currents.  Of  these  (1) 
decides  maiQly  the  general  character  of  the  season,  and  explains  why  the 
north  is  generally  wet  and  the  south  is  generally  dry ;  (2)  and  (4)  account  for 
the  h^h  rainfall  on  the  western  slopes,  and  the  dry  character  of  the  area 
between  the  Coast  Range  apd  thet  Sierra  Nevadas ;  (8)  in  conjunction  with  (2) 
provides  the  material  for  the  .ratUi  aiijd  (0)  inflbences  rainfall  through  the 
medium  of  air  temperature. 

There  is  ^  very  narktd  ^sonal  vtt-iation  of  rain,  the  summer  Iti^ths 
being  very  dry,  and  pnictically  rainless  in  toany  locaHties,  while  in  general 
the  winter  months  are  Very  wet.  This  is  largely  due  to  the  fact  that  the  pre^ 
vailing  air  currents  are  different  in  the  two  -seasons  :  in  winter,  when  the 
Aleutian  low-pressure  system  is  well  developed,  strong  west  wiiKis  prevail ; 
in  summer,  on  the  other  hand,  the  winds  are  light  and  more  variable,  a 
NNW.  wind  predominating. 

The  v^ations  from  year  to  year  ^e  large :  for  example,  Jan.,  1902,  was  a 
dry  month  with  less  than  2  in.  of  tain  over  the  greater  part  of  the  State,  a 
small  patch  with  0  in.  being  shown  in  the  tetreme  north-west ;  while  in  a  wet 
Jan.  the  area  with  less  than  2  in.  is  a  much  smaller  one  in  the  south-east  of 
the  State,  Bfad  there  is  a  large  area  in- the  north  and  west  where  rainfiall 
exceeds  8  in. 

Much  information  is  given  about  heavy  M\s  in  short  periods ;  perhaps  the 
most  remarkable  is  a  fall  of  11*5  in.  in  80  minutes  on  Aug.  12, 1891)  at  Campo. 

R.C. 

rat.  Monthly  DhtrilhtiUmof  Mean  Cloudiness  owrJPfonce.  G^Bigourdan. 
(Comptes  Reiydus,  182.  pp.  820^625,  April  !26^  1918.>— This  gives  18  charts 
showing  the  mean  distribation,  expressed  in  percentages^  of  the  proportion  of 
the  sky  covered  with  cloud,  for  the  12  months  and  the  whole  year.  On  the 
average,  of  the  months  the  Mecyterranean  coast  has  less  than  85  %  of  cloud, 
and  clondiness  increases^  with  latitude  ^nerally  up  to  about  86  %  on  the 
north  coast  ol  France.  There  are  secondary  maxima  of  cloud  over  the 
Pyrenees  and  the  Jura  and  Vosges  Mountsdns.  The  individual  monthly 
diarts  are  on  tiie  whole  similar  in  character  to  the  annual  chart,  the  cloudiest 
month  being  Jan.,  with  40  %  to  more  thanTO  %  of  cloud,  and  the  sunniest 
month  July,  with  less  than  25  %  ck>ud  on  the  F^viera  to  less  than  00  %  on 
the  north  coast.  June,  July,  and  Aug.  are  all  very  sunny  months  on  the 
Mediterranean  coast.  R.  C. 

OOd.  Reuarcha  in  Seasonal  CorreUtiions.  T.Okada.  (Meteorolog.  Soc 
of  Japan,  J.  84.  No.  12.  Dec,  1915.  Monthly. Weather  fiev.  44.  pp.  17-21)  Jan., 
1916.  Reprint.) — The  summer  temperature  of  north-eastern  Japan  is  closely 
related  to  the  strength  of  the  Pacific  anticyclone  whidi .  prevails  at  that 
selson  of  the  ^ear,  and  the^author  has ndtioed  that  there  appears  to  be  a  doa^ 
aectioa  between  the  intensity  of  this  aotiqydone  in  the  summer  and  that  oi 
the  continental  anticyclone*  over  Asia  in  the  .preceding  winter  .Or  spring. ..  He 
is  tb«s  led  to  attempt,  to  establish  a  connection  between  the  winter  conti- 
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nental  anticyclone  and  the  temperattu-e  of  Japan  some  months  later.  As  a 
measure  of  the  anticyclonic  intensity  he  Uses  the  pressure  gradient  in  the 
neighbourhood  of  Zikawei,  preferring  this  method  to  that  of  using  a  single- 
pressure  reading  at  the  centre  of  the  high-pressure  area.  These  mean 
barometric  gradients  for  March  are  correlated  with  the  temperatures  of  the 
following  July  and  Aug.  at  three  stations  on  the  east  coast  of  Japan,  leading 
to  coefficients  of  +  0^6»  +  0*78,  and  -f^  0*68  for  the  three  stations,  based  on  a 
period  of  M  years'  observations.  Other  oorrelations  on  the  same  lines  are 
tried  but  lead  to  lower  coefficients  That  between  Zikawei  pressure  gradient 
foe  March  and  sunshine  at  various  stations  on  the  east  side  of  Japan  in  July 
and  Aug.  lies  between  +  0*4  and  +  0*6.  This  is  regarded  as  being  at  least 
suggestive,  and  gives  a  hint  for  the  ph3rsical  interpretation  of  the  correlation 
between  barometric  gradient  and  temperature.  J.  S.  Du 

Ma.  Wimd  Velocity  and  EUnaUon.  W.  J.  Humphreys.  (Monthly 
Weather  Rev.  44.  pp.  14-17,  Jan.,  1010.) — ^A  diagram  is  reproduced  showing  the 
changes  of.  wind  velocity  with  height  found  from  200  pilot  balloon  ascents 
made  at  Vigna  di  Valle,  about  40  km,  NW.  of  Rome.  The  chief  features 
exhibited  are  {a)  a  re^on  of  rapid  increase  of  velocity  with  height  extepding 
from  the  surface  (272  m.  above  M.S.L.)  to  600  m.,  (b)  a  region  of  decrease  of 
velocity  with  increase  of  altitude  followed  by  irregular  changes  up  to  1800  m., 
and  if),  a  region  of  approximately  constant  increase  of  velocity  with  increase 
of  elevation,  which  it  is  known  extends  practically  to  the  top  of  the  tropo- 
sphere. The  changes  in  regipns  (a)  and  (6)  are  ascribed  to  surface  friction 
and  the  convective  mixing  of  divergent  currents.  It  is  to  the  explanation  of 
the  steady  increase  in  region  (c)  which  lies  above  the  region  of  surface 
influence  that  the  paper  is  devoted.  The  following  assumptions  are  made  : 
(1)  that  the  temperature  distribution  is  the  same  along  all  meridians,  increas- 
ing from  pole  to  equator,  (2)  that  the  temperature  change  from  one  latitude 
to  another  is  the  same  at  all  levels  up  to  10  or  12  km.,  and  (6)  that  sea-level 
pressure  is  the  same  at  all  latitudes.  It  is  then  calculated  that  from  below 
6  Jan.  to  above  10  km.  height  the  horizontal  N.*S.  pressure  gradient  estaUtshed 
by  the  temperaturie  difference  hetweea  ad>aceat  regions  is  roughly  constant 
This  conclusion  is  supported  by  the  results  of  observations.  If  the  "  geostro- 
phic "  wind  V  l>e  deduced  from  this  calculated  pressure  gradient  by  the 
ordinary  formula  yjp  as  2mV  sin  ^  (where  y  s  horizontal  pressure  gradient, 
p  3s  air  density,  m  sb  angular  velocity  of  the  earth,  ^  ss  latitude),  it  f oUows  that 
the  mass  of  air  crossing  unit  area  per  unit  time  over  any  place  tends  to  remain 
constant  with  change  of  altitude  from  5  km^  above  M«S.L.  to  the  base  xd  the 
stratosphere,  thus  providing  a  theoretical  basis  for  Cgnell's  law.  When 
allowance  is  made  for  the  variation  of  density  with  lieight  it  is  found  that  the 
velocity  will  be  roughly  proportional  to  the  height  above  MiS.L.,  which  is  in 
accordance  with  the  facts  disclosed  in  the  diagram  referred  to  above.  In  the 
region  of  the  stratosphere  the  horizontal  N.-S.  temperature  gradient  decreases 
and  is  ultimately  reversed  in  sign,  from  which  it  follows  that  the  wind 
velocity  generally  wilT  have  its  max.  value  at  about  the  base  of  the  strato^here, 
as  has  been  found  to  be  the  case.  J.  S.  Di. 

.  .  094.  Relation  between  Strength  of  ike  Trade  Winds  of  the  North  Atlantic 
and  Temperature  in  Europe.  P.  H.  Oall^  (K.  Akad.  Amsterdam,  Proc  18. 
pp.  1486-1448, 1916.)— In  a  former  paper  it  was  suggested  that  the  e£Fect  of  a 
change  in  the  North  Atlantic  trade  winds  c6uld  be  triced  after  two  or  three 
months  in  some  hjrdrographical  phenomena  of  Northern  Surope,  theaction 
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taking  place  through  the  intermediary  of  the  Gulf  Stream  [see  Abs.  640  (1015)]. 
A  further  question  arises  as  to  whether  the  winter  temperature  of  N W.  Europe 
will  not  also  be  found  to  have  a  connection  with  trade-wind  agencies.  The 
problem  is  attacked  by  the  method  of  correlation,  coefEcients  being  calcu- 
lated between  the  winter  temperature  (Dec.  to  Feb.)  at  many  stations  in  a 
comprehensive  area  which  embraces  Europe  and  Iceland,  and  the  strength 
of  the  North  Atlantic  trades  in  difFerent  periods  of  the  preceding  summer. 
The  15  years  1899-1018  are  used  for  the  purpose.  Taking  Europe  as  a  whole, 
it  is  found  that  the  period  May  to  Oct«  for  the  trades  gives  the  highest 
correlation  with  European  winter  temperatures,  June  to  Nov.  giving  only 
slightly  less.  The  values  for  the  individual  stations  have  been  plotted  on 
maps  and  lines  of  equal  correlation  drawn.  It  is  found  that  positive 
departures  from  normal  in  the  strength  of  the  NE.  trade  are  accompanied  by 
positive  departures  of  the  winter  temperature  at  places  to  the  SE.  of  a  line 
passing  through  the  British  Isles  and  Central  Norway,  and  by  negative 
temperature  departures  to  the  NW.  of  this  line.  The  positive  coefficients 
range  up  to  0*7,  and  the  negative  to  —  06.  In  considering  what  degree  of 
accuracy  could  be  obtained  in  forecasting  the  temperature  of  a  coming 
winter  from  knowledge  of  the  strength  of  the  trades  in  the  previous 
summer,  the  region  which  shows  the  highest  correlation  (Central  Germany) 
is  chosen,  and  the  deviations  from  the  normal  of  the  two  elements  are  plotted 
on  the  same  diagram  for  16  years.  It  is  found  that  in  14  cases  out  of  the 
16  the  deviations  show  the  same  sign,  and  thus  it  would  have  been  possible 
in  seven  out  of  eight  cases  to  make  a  good  forecast  about  the  sign  of  the 
departure  of  the  coming  winter  temperature.  The  standard  deviation  of 
the  temperature  is  1*6°  C,  and  making  use  of  the  trade-wind  strength  the 
error  of  estimate  of  the  temperature  will  be  0*5°  C. 

J.  S.  Di. 

095.  Solar  Radiation  at  Arequipa,  C.  G.  Abbot.  (Smithsonian  Misc. 
Collection,  65.  No.  0.  Nature,  07.  p.  410,  July  18, 1016.  Abstract.}— Measure- 
ments of  the  solar  radiation  have  been  made  at  Arequipa  since  1012,  and  the 
results  are  discussed  in  special  reference  to  solar  variabiUty  and  atmospheric 
transmission.  The  monthly  mean  values  of  radiation  show  a  close  connection 
with  the  variations  of  vapour  pressure  in  the  terrestrial  atmosphere.    C.  P.  B. 

996.  The  Melting  of  Snow,  R.  £.  Horton.  (Monthly  Weather  Rev. 
48.  pp.  599-605,  Dec,  1915.)— Describes  experiments  with  melting  snow 
under  various  conditions.  Some  of  the  conclusions  are :  (1)  After  a  cold 
snap,  when  the  lower  layers  of  snow  are  at  a  temperature  much  below  82°  P., 
the  water  resulting  from  surface  melting  percolates  to  a  slight  depth  in  the 
snow,  and  there  freezes  upon  the  snow  cr3rstals,  forming  stratification  in  the 
snow  mass.  (2)  If  a  thaw  occurs  when  there  is  snow  at  about  82°  F.,  most 
of  the  water  produced  percolates  down  through  the  snow,  part  of  the  water 
adhering  to  the  snow  crystals  as  a  capillary  film.  (8)  When  snow  and  water 
are  in  temperature  equilibrium  (82°  F.),  percolation  and  capillary  action 
through  the  snow  may  take  place  in  the  same  manner  as  the  flow  of  water 
through  porous  soil.  In  this  condition  snow  will  support  a  column  of  water, 
which,  in  inches,  is  measured  by  8  to  5  times  the  specific  gravity  of  the  snow. 
(4)  The  run-off  lags  t>ehind  the  melting  until  nearly  the  whole  snow  mass  is 
converted  into  slush.  Meanwhile  run-o£F  proceeds  slowly  through  capillary 
flow.  Further  melting  breaks  down  the  capillary  action ;  the  ruu-off  then 
becomes  rapid,  and  floods  are  produced.  R.  C. 
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997.  Periodic  Disturbance  of  Leuei  arising  from  the  Load  of  Neigkbounng 
Oceanic  Tides.  K.  Terazawa.  (Roy.  Soc.,  PhU.  Trans.  217.  pp.  85-60,  July 
12, 1910.) — In  work  on  the  lunar  deflection  of  gravity,  O.  Hccker  has  pointed 
out  that  the  force  acting  on  the  pendulum  at  Potsdam  is  a  larger  fraction  of 
the  moon's  force  when  it  acts  towards  the  east  or  west  than  when  it  acts 
towards  the  north  or  south.  Various  explanations  of  this  anomaly  have  been 
proposed :  Love  suggested  that  a  possible  cause  may  perhaps  be  found  in 
the  attraction  of  the  tide  wave  in  the  North  Atlantic;  Michelsen  has  recently 
found  a  similar  result ;  Larmor  has  suggested  whether  the  excess-pressure  of 
the  tide  in  the  North  Atlantic  would  affect  much  the  measurement  of  water- 
level  at  Chicago  owing  to  the  elastic  depression  of  the  earth's  surface  that  it 
would  produce.  In  the  present  paper  the  calculation  is  undertaken  to  ascer- 
tain to  what  extent  the  consideration  of  tilting  of  the  ground  is  important  for 
the  explanation  of  this  geodynatnical  discrepancy,  on  the  assumption  that 
the  earth  consists  of  elastic  matter  of  uniform  density  and  of  uniform 
invariable  elastic  constants,  and  that  the  North  Atlantic  may  be  represented 
roughly  as  a  circular  basin  and  that  the  tide  in  it  is  uniform  or  else  elliptic. 
The  effect  of  tilting  is  found  to  be  abovt  three  times  as  great  as  that  of  the 
attraction.  As  the  tilting  effect  and  the  attraction  effect  of  the  tide  wave  are 
directly  proportional  to  the  height  of  the  tide,  the  total  effect  oscillates  in 
time  in  accordance  with  the  law  which  the  tide  obey«.  There  is,  in  general, 
a  difference  in  phase  between  the  lunar  and  tidal  effects,  which  is  worthy  of 
closer  investigation.  H.  H.  Ho. 

998.  Dissymmetry  of  the  Pacific,  E.  Belot.  (Comptes  Rendus,  102. 
pp.  961-968,  June  19, 1916.)— The  existing  proportions  of  land  and  water  in 
the  two  hemispheres  are  analysed  In  connection  with  the  theory  of  a  primi- 
tive southern  deluge,  showing  that  many  difficulties  may  be  explained  by 
this  means.     [See  Abs.  1496  (1914).]  C.  P.  B. 

999.  Variations  of  Latitude  and  Earth  Structure,  F.  Schlesinger. 
(Am.  Phil.  Soc,  Proc.  64.  pp.  861-858,  Oct-Dec,  1915.)— A  short  summary  is 
given  of  the  history  of  latitude  variation  from  its  prediction  as  a  motion  of 
the  axis  of  rotation  by  Euler  in  1756,  with  a  period  of  about  10  months,  to  the 
first  indications  of  successful  detection  by  Kustner  in  1888,  and  its  definite 
acceptance  as  an  observable  phenomenon  in  1898.  In  the  investigation  of  the 
interesting  results  obtained  Chandler  was  able  to  trace  the  presence  of  the 
variations  back  to  the  time  of  Bradley  in  the  middle  of  the  eighteenth  century. 
The  observations  made  under  the  auspices  of  the  International  Geodetic 
Association  have  been  carried  out  at  six  stations  since  1899,  and  have  attained 
such  accuracy  that  the  determined  latitudes  are  reliable  to  0*02".  Newcomb 
showed  that  the  period  of  10  months  determined  by  Euler  was  on  the 
assumption  that  the  earth  was  rigid  and  unyielding,  and  that  if  the  earth's 
rigidity  was  taken  as  similar  to  that  of  steel,  the  Eulerian  period  would  be 
near  14  months,  thus  agreeing  closely  with  observation.  The  amplitude  of 
the  term  is  usually  about  0'27",  but  has  at  times  suddenly  increased,  and  the 
question  is  under  consideration  whether  such  changes  may  be  ascril>ed  to 
earthquake  phenomena.  In  addition  td  the  Eulerian  term,  a  smaller  varia- 
tion with  an  annual  term  is  ascribed  to  seasonal  and  meteorological  changes. 

C.  P.  B. 

1000.  Photographic  Latitude  Determination,  Ross.  (U.S.  Coast  and 
Geodetic  Survey,  Special  Publ.  No.  97.    Nature,  97.  p.  811,  June  8,  1916. 
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Abstract.) — Details  are  given  of  a  photographic  ^^nith-tube  iastrument 
specially  designed  for  the  determination  of  latitude.  The  apparatus  consists 
of  a  fixed  vertical  tube  carr3ring  a  horizontal  lens  above  a  dish  of  mercury, 
with  means  provided  for  following  the  star  images  for  prolonged  exposures, 
and  for  reversal  through  180^.  Comparison  with  visual  methods  shows  that 
no  systematic  differences  are  to  be  detected,  and  these  first  results  are 
considered  to  confirm  the  reality  of  the  Kimura  term  in  the  variation  of 
latitude.  C.  P.  B. 

1001.  Study  of  Solar  Vortices,  C.  StOrmer.  fAstrophys.  J.  48.  pp.  847- 
402,  June,  1016.) — In  the  study  of  the  solar  vortices  shown  on  spectro- 
heliograms  at  the  Mt.  Wilson  Observatory  [Abs.  788  (1909)]  certain 
resemblances  were  detected  between  the  forms  of  the  h3rdrogen  flocculi 
and  the  curves  showing  the  trajectories  of  air  particles  during  terrestrial 
cyclones  as  found  by  Guldberg  and  Mohn  in  1876.  Starting  then  with  the 
hypothesis  that  the  motion  of  charged  electric  gas  molecules  takes  place 
along  such  spirals,  the  resulting  magnetic  field  was  determined.  A  long 
analysis  of  the  theory  of  such  logarithmic  spiral  whirls  is  given,  with  many 
diagrams  showing  the  resulting  types  from  various  assumptions.  On  the 
assumption  that  the  Zeeman-e£Fects  observed  are  due  to  convection  currents 
the  values  of  the  field  become  so  great  that  it  is  difficult  to  explain  the 
absence  of  the  Stark-effect,  and  it  is  proposed  next  to  examine  the  hypothesis 
of  galvanic  currents  circulating  round  sun-spots.  Attention  is  drawn  to  the 
importance  of  a  collateral  study  of  the  phenomena  of  terrestrial  aurorae. 

C.  P.  B. 

1002.  Localisation  of  the  Epicentre  of  an  Earthquake  from  Observations  of 
a  Single  Seismic  Station.  B.  Galitzine.  (Comptes  Rendus,  162.  pp.  878-880, 
]une  5, 1916.) — ^The  author's  method  was  described  by  him  in  1910.  He 
employs  two  aperiodic  horizontal  pendulums,  with  galvanometric  regis- 
tration, installed  at  right  angles  to  each  other.  It  is  possible  to  determine 
the  azimuth  a  of  the  epicentre  by  measuring  the  amplitudes  of  displacement 
of  the  luminous  point  that  registers  the  outset  of  the  first  phase  P,  that  is  to 
say,  of  the  moment  of  arrival  of  the  first  longitudinal  seismic  waves.  If 
L  represents  the  reduced  length  of  the  pendulum,  k  the  coefficient  for  the 
galvanometric  registration,  determining  the  sensitiveness  of  the  apparatus, 
and  Ai  the  length  of  the  optic  ray  for  photographic  purposes,  then  C  ^  irLjkAi, 
For  seismography  this  represents  a  characteristic  constant. 

Again,  if  the  two  pendulums  and  the  two  corresponding  galvanometers  are 
installed  at  the  limit  of  aperiodicity,  and  all  possess  the  same  period  of 
oscillation  when  damping  is  suppressed,  then  the  azimuth  a  is  easily  calculated 
from  the  formula,  tan  a  =  C,y|JC„y^,  where  y^  and  7^  are  the  amplitudes  of 
the  same  maximum  for  the  seismograms  at  the  outset  of  the  plane  P  for  the 
components  E.-W.  and  N.-S.,  and  Cb  and  Cn  the  values  of  the  constants 
of  the  corresponding  seismographs.  The  author  then  enters  upon  general 
considerations. 

The  apparatus  is  installed  at  Pulkowa  and  the  other  Russian  seismic 
observatories  of  the  first  class.  £.  O.  W. 

1003.  Localisation  of  the  Epicentre  of  an  Earthquake.  B.  Galitzine. 
(Comptes  Rendus,  162.  pp.  964-966,  June  19, 1916.)— The  author  notes  the  fact 
that  in  some  quarters  his  method  [see  preceding  Abs.]  is  mistrusted.  To  sub- 
stantiate his  claim  for  accuracy  dat^  have  been  collected  of  the  total  number 
of  earthquakes  (strong  or  feeble)  observed  at  Pulkowa  during  4  years,  and  the 
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number  of  times  it  has  been  possible  to  determine  a  and  then,  while  knowing 
A,  the  epicentral  distance,  to  localise  the  epicentre.    They  are  as  follows  : — 


Year. 

Number  of  Earth- 
qoaket. 

Number  of  Dttermlna- 
Uoos  6f  a. 

Percentaife  of  whole. 

1912 

1918 

671 
576 
476 
454 

187 

103 

72 

88 

20 

18 

1914 

15 

1915 

19 

Considering  that  Pulkowa  is  far  from  any  seismic  region  and  that  the 
number  of  cases  in  which  a  has  been  there  determined,  the  author  regards 
the  evidence  as  much  in  his  favour,  and  shows  how  great  a  measure  of 
sensitiveness  has  been  reached  with  his  apparatus. 


Date. 
1914 
5  March 


Epicentral 


Epto 
Rei 


Armenia 


iTsJ 
iTf.J 


14  March    Japan 


26  May 

25  Juue 
4  July 

4  Aug. 

11  Oct 


(Near  New 
Guinea 


Sumatra 


(AttheSE. 
\  of  Japan 


Tian-Chan.- 


(  Bay  of 
(  Bengal 


17  Oct.       Greece 


SU-    . 
Uon.    ^• 

/P.  87° N. 
|E.  89 
"      .38 
.87 

IP.  89° N. 
E.  40 
I.    89 
Ts.40 
M.  40 

(P.  0°S. 

E.  1 

L  1 

Ts.  8 

/P.  2°S. 

E.  2 

I.  0 

Ts.  8 

P.   20°  N. 
E.  20 
Ts.20 

P.  45° N. 
E.  45 
I.    43 
Ts.45 
iTf.  48 

P.   18°  N. 
E.  18 
Tf.  18 

P.  89°  N. 
E.  88 
Ts.38 
Tf.  88 
M.  89 


40°  E. 
42 
41 
41 

140°  E. 

141 

138 

141 

140 

189°  E. 
141 
148 
140 

ioa>E. 

101 
104 
101 

138*' E. 

137 

187 

98°  E. 

98 

91 

93 

92 

96°  E. 

95 

98 

23°  E. 

23 

23 

22 

22 


Date. 

1915 
5  Jan. 


13  Jan. 


Epicentral         Sta-     . 
Region.  tton.    ^* 

i     Near     j^-  ^^• 
iFormosa(^-^ 

f  Central    1^-  Jf  N. 


1  Avezzano 


.Tf.42 


10  March    Celebes  I. 


18  March    Abyssinia 


37°  E. 
40 


4  June 

22  June 
3  Aug. 
7  Aug. 

11  Aug. 


Japan         \ E. 
(Tf 

Philippines  <  E. 


(  Guinea    (E. 

Ionian  Sea -^E. 
(Tf. 


Ionian  Sea 


40*  N. 
89 


In  the  above  table  particular  cases  of  much  interest  are  quoted.  In 
8  years  the  Russian  Commission  of  Seismology  has  undertaken  a  complete 
reorganisation  which  is  nearly  terminated.  The  observatories  of  the  first 
class  are  Tiflis  (Tf.),  Taskart  (Ts.),  Irkutsk  (I.),  Ekaterinburg  (E.),  and 
Makeevka  (M.).    These  are  mod^ed  on  Pulkowa. 

In  the  table  f  represents  the  lat.  and  X  the  long.  (Greenwidi)  of  the 
corresponding  epicentre.  E.  O.  W. 

VOL,  XIX.— A.— 1916. 

Digitized  by  VjOOQIC 


GENERAL  PHYSICS.  381 

1004.  Shifts  of  Solar  Spectrum  Lines  from  Centre  to  Limb.  J.  Evershed 
and  T.  Royds.  (Kodaikanal  Observatory  Bull.  49.  Nature,  97.  p.  $88, 
July  6, 1916.  Abstract)— The  variations  of  the  wave-lengths  of  certain  iron 
lines  have  been  studied  in  detail  over  different  portions  of  the  sun's  disc,  and 
they  begin  to  be  measurable  at  about  0*8  radius  from  the  centre.  The  authors 
favour  the  view  that  the  shifts  are  due  to  line-of -sight  motion  rather  than  to 
anomalous  dispersion.  C.  P.  B. 

1006.  Nature  cf  Solar  Corona.  J.W.Nicholson.  (Observatory,  No.  502, 
pp.  808-812,  July,  1916.) — A  more  complete  account  is  given  of  the  numerical 
relations  existing  between  the  wave-lengths  of  the  spectrum  lines  of  the  solar 
corona,  this  having  been  rendered  possible  by  the  discovery  of  a  new  radia- 
tion at  the  eclipse  of  Aug.  1914,  which  provides  a  useful  link  between  other- 
wise isolated  lines.  The  fundamental  atom  considered  is  that  of  the  simple 
ring  system  of  Rutherford,  having  a  radius  of  about  10~^  cm.,  with  electrons 
of  radius  about  10~^  cm.,  and  a  central  nucleus  still  smaller.  It  is  shown  that 
the  wave-length  of  the  resulting  spectrum  lines  as  computed  from  the  analysis 
of  such  a  vibrating  system  are  so  closely  coincident  with  the  lines  determined 
from  observation  that  little  doubt  is  possible  as  to  the  reality  of  the  system. 
The  striking  characteristic  of  the  result  is  the  recognition  of  a  number  of 
series,  in  which  the  lines  of  each  series  are  such  that  the  cube  roots  of  the 
wave-lengths  form  an  arithmetic  series,  and  the  different  series  are  also 
related  to  each  other  by  definite  ratios.  In  the  summary  showing  the  electrical 
conditions  producing  such  lines,  attention  is  drawn  to  the  fact  that  all  the 
strong  coronal  lines  are  due  to  negatively  charged  atoms.  C.  P.  B. 

1006.  Anomalous  Dispersion  in  the  Sun.  S.  Albrecht.  (Observatory, 
No.  502.  pp.  814-^17,  July,  1916.)— In  reference  to  the  small  displacements 
produced  in  spectra  which  have  been  by  some  ascribed  to  anomalous  disper- 
sion, by  others  to  mutual  repulsion  between  spectrum  lines  in  close  proximity 
[Abs.  1220  (1915)],  it  is  now  discussed  whether  two  conditions  may  not  be 
operative,  according  to  whether  the  sources  of  vibration  are  independent  in 
the  sense  of  being  due  to  different  elements,  or  related  by  being  due  to  the 
same  element  Iron  is  the  element  examined  specially,  and  it  is  found  that 
the  displacement  when  both  components  are  due  to  iron  is  only  about  half  as 
great  as  when  the  lines  are  due  to  two  different  elements.  The  fact  that  the 
displacement  is  not  reduced  to  zero  is  explained  by  the  fact  that  even  two 
solar  lines  due  to  the  same  element  are  not  invariably  connected  in  the 
molecule,  but  are  in  part  of  independent  origin.  C.  P.  B. 

1007.  determination  of  Solar  Motion  from  Radial  Velocities.  C,  D. 
Perrine.  (Astrophys.  J.  48.  pp.  286-294,  May,  1916.)— Examination  of  the 
results  of  radial-velocity  determinations  show  that  after  the  elimination  of  the 
$olar  motion  tlicre  is  in  general  a  small  residual  which  has  been  designated  as 
the  K  term.  After  thus  eliminating  the  solar  motion  from  the  stars  of  each 
spectral  class,  the  residuals  are  found  to  be  different  for  the  galactic  and  non- 
galactic  regions^  the  differences  being  large  and  apparently  systematic.  Other 
large  differences  of  an  apparently  systematic  nature  have  been  found  in  large 
areas  of  the  sky,  which  add  to  the  suspicion  of  irregularity  in  the  tendency  of 
motions  in  different  directions.  From  this  lack  of  uniformity  it  appears  pos- 
sible that  the  peculiarities  observed  are  other  than  motions.  C  P.  B. 

1008.  Chemical  Origin  of  Solar  Radiation.  Briner.  (Rev.  Generale 
des  Sciences,  No.  9,  1916.    Nature,  97.  p.  849,  June  22, 1916.    Abstract) — 
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WhOe  agreeing  with  the  conclusion  of  Arrhenins  that  radio^ictive  changes 
are  insufficient  to  account  for  the  origin  of  solar  energy,  the  author  shows 
that  both  endothermic  and  exothermic  reactions  involving  either  elementary 
or  compound  substances  are  also  insufficient.  It  is  then  considered  that  if 
the  interior  of  the  sun  is  largely  composed  of  matter  in  a  proto-atomic  state,  a 
possible  source  of  solar  energy  would  be  available  by  the  successive  modHica- 
tions  resulting  in  the  formation  of  the  chemical  elements.  C.  P.  B. 

1009.  Refinements  in  Specirographic  Ueasuremcnts.  H.  H,  Plaskett. 
(Roy.  Astron.  Soc.  of  Canada,  J.  la.  No.  6.  Nature,  97.  p.  451,  July  27, 1916. 
Abstract) — ^An  investigation  has  been  made  of  the  di£Eerences  found  by 
different  observers  in  the  measurement  of  the  same  spectrograms,  with 
special  reference  to  the  solar  rotation  velocity.  The  chief  source  of  the 
differences  is  attributed  to  the  attitude  of  the  observer,  in  the  sense  of  his 
being  under  the  influence  of  any  prepossessions  or  otherwise.  It  is  concluded 
that  the  highest  accuracy  can  only  be  attained  by  replacing  differential  mea- 
sures by  determinations  of  changes  of  wave-length  by  means  of  standard 
at>8orptioa  lines,  and  work  of  this  type  has  already  been  started  at  Ottawa. 

C.  P.  B. 

1010.  Thermoelectric  Photographic  Photometry.  H.  T.  Stetson.  (Astro- 
phys.  J.  48.  pp.  268-285,  May,  1916.)— As  the  present  methods  connected  with 
selenium  and  photoelectric  cells  for  stellar  photometry  are  only  applicable  to 
stars  of  moderate  brightness,  an  attempt  has  been  made  to  develop  a  physical 
method  of  measuring  the  images  on  photographic  plates.  After  experiments 
with  various  instruments,  it  was  decided  to  use  a  thermopile,  placed  so  as  to 
receive  light  from  a  constant  light-spurce,  in  the  path  of  which  could  be 
placed  the  star  images^  thus  stopping  amounts  of  energy  varying  with  the 
Hmgnitude  of  the  star.  In  the  thermopile  it  was  decided  to  use  a  bismuth- 
silver  element  of  symmetrical  desigp,  having  a  circular  receiving  surface 
6  nun.  in  diam.  and  a  resistance  of  2*8  ohms.  Tests  showed  this  to  have  a 
sensitiveness  of  1  microwatt  per  0*18  microvolt,  and  a  period  of  only  a  few 
seconds.  The  element  was  satisfactorily  protected  from  external  heat  influ- 
ence by  enclosure  in  non-conducting  material,  provision  for  setting  being 
made  by  the  us^  of  a  small  mirror  and  reading  telescope.  Special  attention 
is  drawn  to  the  diaphragm  used  for  limiting  the  £ekl  to  the  particular  star 
image  under  examination.  The  method  is  also  being  applied  to  the  measure- 
XRfint  of  stellar  spectra  photographs,  C.  P.  B. 

1011.  Thermoelectric  Photographic  Photometry,  H.  T.  Stetson.  (Astro- 
phys.  ].  48.  pp.  825-840,  June,  1916.) — In  a  previous  paper  [see  preceding 
Abs.]  the  author  described  an  instrument,  containing  a  delicate  thermopile  as 
receiver,  by  means  of  which  the  magnitudes  of  stars  may  be  determined  from 
either  focal  or  extra-focal  plates  by  purely  ph3^ical  means.  The  apparatus 
has  also  been  adapted  to  the  measurement  of  spectral  intensities,  and  em* 
ployed  in  the  investigation  of  objective-prism  plates  of  B-type  stars.  A  study 
of  the  eclipsing  variable  U  Cephei  indicates  the  presence  of  light-changes  not 
explained  on  the  eclipse  theory  alone,  and  reveiding  a  suspected  variability  in 
the  comparison  star.  It  is  expected  to  attain  a  greater  degree  of  accuracy 
from  the  measurements  by  thermopile  than  by  diameters.  The  principal 
sources  of  error  appear  to  be  the  changing  atmospheric  conditions  during  the 
exposure  at  the  telescope  and  irregularities  in  the  photographic  plate. 

C.P.  B. 
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1012.  MonochromaUc  Photographs  of  Jupiler  and  Saturn.  R.  W.  Wood. 
(Mt.  Wilson  Solar  Observatory,  Cpntrib.  No.  llS.  Astrophys.  J.  48.  pp.  aiO-819, 
May,  1016.) — The  kiterestiQ^  results  obtained  by  the  use  of  monochromatic 
transmission  filters  in  photographing  the  moon  [Abs.  1655  (1912)]  led 
the  author  to  extend  the  inquiry  to  the  planets  Jupiter  and  Saturn.  This 
was  carried  out  at  the  Mt.  Wilson  Observatory  with  the  60-in.  reflector,  the 
photographs  being  made  with  four  t3rpes  of  colour  transmission :  infra*red, 
yellow,  violet,  and  ultra-violet.  For  the  ultra-violet  filter  a  cell  of  bromine 
vapour  5  cm.  thick  was  used,  in  conjunction  with  a  thin  cell  1  or  2  mm.  thick 
containing  potassium  chromate.  Reproductions  are  given  showing  the  dif- 
ferences in  the  markings  on  the  planets.  On  Jupiter  t|ie  dark  belts  are 
scarcely  visible  on  the  infra-red  plates,  while  the  pictures  made  with  violet 
light  show  them  in  the  greatest  contrast. 

In  the  case  of  Saturn  it  is  seen  that  the  contrast  between  the  inner  and 
outer  ring  becomes  markedly  less  as  the  wave-length  of  the  effective  light  is 
decreased.  C.  P.  B. 

1013.  Observations  of  Mars  at  Flagstaff  {Arizona),  Cr.  Hall-Hamilton< 
(Comptes  Rendus,  162.  pp.  871-872,  June  5, 1916.) — A  drawing  is  given  showizig 
details  measured  from  photographs  taken  at  the  Lowell  Observatory,  the 
author  giving  great  praise  to  the  quality  of  the  observing  conditions,  and  to 
the  certainty  of  recognising  details  on  the  planet  which  have  been  consistently 
observed  during  the  past  15  or  20  years.  C.  P.  B. 

1014.  Motion  of  Nuclei  of  Comet  Taylor  (1915^).  H.  Thiele.  (Astron< 
Nachr.  No.  4846.  Nature,  97.  p«  888,  July  6, 1916.  Abstract)— From  a  series 
of  measures  of  the  nuclei  of  this  comet,  made  at  3ergedorf  between  Feb.  19 
and  April  8,  the  distance  showed  little  change,  but  the  position  angle  varied 
considerably,  giving  a  period  g£  about  80  days.  C.  P.  B. 

1016.  Elements  and  Ephemeris  of  Comet  Taylor  (1916«r).  H.  M.  Jeffers 
and  F.  J.  Neubauer.  (Lick  Observatory,  Bull.  9.  [No.  281],  pp.  12-18. 
1916.) — ^The  elements  given  are  derived  from  normal  places  observed  on  1916 
Dec.  8»  1916  Jan.  8  and  A4>ril  5.  An  ephemeris  is  given  extending  from  1916 
May  26  to  Aug.  26.  With  the  exception  of  the  longitude  of  the  node,  the 
elements  of  this  comet  are  in  general  agreement  with  those  of  Comet  Daniel 
(1909<j).  C.  P.  B. 

1016.  Elements  and  Ephemeris  of  Comet  Wolf  (19166).  R.  T.  Crawford 
and  D.  Alter.  (Lick  Observatory,  Bull.  9.  [No.  282],  pp.  15-16,  1916. 
Nature,  97.  p.  410,  July  18, 1916.  Abstract.)— This  comet  was  discovered  on 
1916  April  27,  and  is  interesting  from  the  fact  that  its  geocentric  distance  was 
then  greater  than  that  of  any  other  comet  at  discovery.  Elements  are  derived 
from  three  observations  on  1916  April  24,  May  10,  and  May  28,  and  an 
ephemeris  computed  for  the  interval  1916  June  2  to  Aug.  29.  It  is  concluded 
that  this  comet  is  not  identical  with  Wolf's  periodic  comet,  1884  III.   C.  P.  B. 

1017.  Variable  Stellar  Spectra  of  Cepheid  Type.  H.  Shapley.  (Nat.  Acad. 
Sci.,  Proc.  2.  p.  208, 1916.  Nature,  97.  p.  428,  July  20, 1916.  Abstract.)— From 
a  study  of  150  spectrograms  of  11  Cepheid  variables  taken  at  the  Mt  Wilson 
Observatory  it  is  found  that  the  periods  vary  from  9  hours  to  27  days,  and  that 
the  details  of  the  spectra  change  with  the  phase.  These  spectral  changes  were 
so  closely  related  to  the  changes  in  brightness  that  it  was  found  they  exhibited 
definite  alterations  from  one  spectral  class  to  another,  the  maximum  brilliancy 
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corresponding  to  a  higher  stage  in  the  spectral  sequence  than  the  minimum. 
It  is  thus  inferred  that  all  Cepheids,  including  those  of  the  cluster  type,  vary 
periodically  in  spectral  class,  as  well  as  in  magnitude  and  radial  velocity. 

C.  P.  B. 

1018.  Orbit  cf  Ursa-Major  Moving  Cluster.  L.  Courvoisier.  (Astron. 
Nachr.  No.  4882.  Observatory,  No.  602.  p.  818,  July,  1916.)— A  special  study 
of  this  system  has  been  made  with  the  view  of  detecting  an  orbital  motion  under 
the  general  attraction  of  the  stellar  sysi&m.  It  is  stated  that  the  stars  are 
arranged  approximately  along  two  parallel  straight  lines  about  18  parsecs 
apart,  these  lines  l^ing  inclined  at  about  66°  to  the  galactic  plane,  the  orbital 
motion  being  nearly  parallel  to  the  planes.  If  the  orbit  is  circular  the  period 
of  revolution  comes  to  be  about  180  million  years.  C.  P.  B. 

1010.  Orbit  of  Spectroscopic  Binary  BJ).  78°  412.  O.  J.  Lee.  (Astrophys. 
].  48.  pp.  820-824,  May,  1916.) — ^This  interesting  system  is  of  spectrum  type 
At  and  magnitude  6*12.  The  orbit  is  derived  from  spectrograms  taken  during 
the  period  1918  Jan.  21  to  1916  July  6,  a  period  of  896  days  corresponding  to 
706  periods  of  the  binary.    The  adopted  period  is  1*271  days.  C.  P.  B. 

1020.  Spectrum  of  Nova  Geminorum  No*  2.  W.  S.  Adams  and  Pease. 
(Astron.  Soc.  of  the  Pacific,  Publ.  No.  168.  Nature,  97.  p.  811,  June  8, 1916. 
Abstract.)— From  a  photograph  of  the  spectrum  of  this  object  taken  at 
Mt.  Wilson  on  the  nights  of  Feb.  12  and  18, 1916,  with  a  total  exposure  of 
9  hours,  it  is  found  that  the  characteristic  Wolf-Rayet  features  are  still  pre- 
dominant. The  continuous  spectrum  is  strong,  with  bright  hydrogen  bands 
and  a  bright  band  at  X4686.  C.  P.  B. 

1021.  Kinetic  Energy  of  a  Star-cluster,  A.  S.  Eddington.  (Roy.  Astron. 
Soc.,  M.N.  76.  pp.  626-628,  April,  1916.)— Proof  is  given  in  full  of  the  interest- 
ing analytical  result  that  in  any  star-cluster  in  a  steady  state  the  internal 
kinetic  energy  is  one-half  the  exhaustion  of  potential  energy.  C.  P.  B. 

1022.  Stereoscopic  Spectroheliograms.  G.  £.  Hale.  (Nature,  97.  p.  249, 
May  18,  1916.) — From  a  pair  of  photographs  of  the  hydrogen  flocculi  in 
Ha  light  taken  with  the  new  spectroheliograph  at  Mt  Wilson  on  Aug.  7, 
1916,  a  stereogram  has  been  prepared  showing  the  sun's  surface  near  the 
west  limb,  with  a  large  spot  group  surrounded  by  flocculi.  The  time  interval 
between  the  two  exposures  was  7  mins.  Although  due  allowance  must 
be  made  for  surface  changes  during  the  interval,  it  is  thought  that  the 
method  may  in  many  cases  prove  valuable  for  deciding  questions  of  relative 
level  in  the  solar  atmosphere.  C.  P.  B. 

1023.  Structure  of  the  Galaxy.  C.  V.  L.  Charlier.  (Comptes  Rendus, 
162.  pp.  872-876,  June  6, 1916.  Roy.  Astron.  Soc.,  M.N.  76.  pp.  689-692,  May, 
1916.)— The  note  is  a  short  summary  of  the  results  of  an  examination  of  the 
distribution  of  the  stars  of  spectral  class  B.  Diagrams  are  given  showing  the 
structure  along  various  lines  of  sight.  The  nearest  star  of  type  B  to  the  sun 
is  a  Eridami,  being  found  to  be  only  4  siriometres  distant,  while  the  most 
distant  body  of  the  type  is  about  260  siriometres.  (One  siriometre  is  equal  to 
10*  times  the  distance  of  the  sun  from  the  earth,  98  x  10*  miles.)         C.  P.  B. 
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1024.  A  Precision  ShuUer-iesting  Instrument  P.  G.  Nutting.  (Phot. 
].  56.  pp.  172-176,  June,  1916.) — ^A  great  number  of  instruments  have  been 
designed  for  the  testing  of  photographic  shutters,  some  of  the  instruments 
being  intended  to  determine  the  total  period  during  which  the  shutter  is 
open,  while  in  others  an  attempt  is  made  to  measure  the  effective  area  of  the 
opening  at  different  periods  of  the  exposure.  The  methods  of  Abney  and  of 
Campbell  and  Smith  are  here  briefly  described.  The  best  method  of  testing 
a  photographic  shutter  would  be  to  take  a  number  of  photographs  of  the 
shutter  through  its  period  of  operation,  the  time  of  exposure  of  each  photo- 
graph being  small  in  comparison  with  the  rate  of  movement  of  the  shutter, 
and  if  these  instantaneous  photographs  can  be  taken  at  known  intervals,  then 
all  the  data  required  for  cadculating  both  the  efficiency  and  the  duration  of 
the  exposure  of  the  shutter  are  obtained.  In  the  apparatus  described,  the 
illuminating  beam  is  reflected  from  a  lightly  mounted  Al  crown  on  which 
are  placed  20  small  plane  mirrors  held  vertically  on  the  face  of  the  crown. 
This  crown  of  mirrors  is  rotated  at  a  very  constant  speed  by  means  of  a 
Leeds-Northrup  governed  motor  making  1200  revs,  per  min.  The  motor  is 
governed  by  means  of  a  centrifugal  governor,  which  makes  and  breaks  the 
current,  the  system  being  very  simple  and  accurate  in  operation  :  by  attach- 
ment of  a  chronograph  the  speed  of  the  motor  is  found  to  be  constant  with 
50  %  variation  in  load  or  5  %  in  line  voltage  to  within  1/10  %.  By  suitable 
gearings  the  crown  is  rotated  at  50  revs,  per  sec.  Since  the  crown  carries 
20  mirrors,  we  have  1000  interruptions  of  the  beam  per  sec.,  and  this 
frequency  does  not  vary  by  a  thousandth  of  itself.  By  increasing  the 
number  of  mirrors  from  20  to  50  and  doubling  their  speed  of  rotation,  it 
would  be  quite  practicable  to  increase  the  frequency  to  5000  per  sec,  but  the 
lower  frequency  of  a  thousand  is  found  to  be  the  most  suitable  for  general 
testing.  The  crown  is  illuminated  by  an  arc  lamp  in  a  small  projection 
lantern,  the  condenser  of  the  lantern  focusing  an  image  of  the  arc  crater  at 
the  mirror  surface.  The  duration  of  each  flash  is  determined  by  the  angular 
width  of  the  light  beam  at  the  lantern  condenser,  as  since  the  beam  at  this 
point  is  limited  by  a  vertical  slide  2  mm.  wide,  the  width  of  the  beam  as  it 
flashes  by  reflection  past  the  shutter  opening  is  about  1/80  of  the  distance 
between  the  flashes,  so  that  each  exposure  is  about  1/80,000  sec.  The  reflected 
beam  falls  on  a  simple  lens  behind  which  the  shutter  to  be  tested  is  held  in  a 
uuiversal  iris  holder,  and  an  image  of  the  shutter  is  then  formed  by  a  small 
camera  lens  of  90  mm.  focal  length  on  the  rim  of  an  Al  wheel  12  in.  diam., 
around  which  can  be  fastened  a  band  of  negative  kinematograph  film. 

Examples  of  shutter  speed  testing  are  given.  A.  £.  G. 

1026.  Optical  Projecting  Lanterns,  J.  B.  Taylor.  (Am.  lUom.  £ng. 
Soc.,  Trans.  11.  pp.  414-427 ;  Disc.,  427-485,  May  1, 1916.)— The  early  part  of 
the  paper  summarises  the  fundamental  principles  of  optical  projection,  and 
the  author  also  describes  the  means  by  which  solid  objects  may  be  projected. 
Lantern  sUdes  show  up  sufficiently  well  if  the  screen-illumination  of  the 
whites  is  0-5  candle-f t,  but  10  or  even  20  times  this  illumination  is  sometimes 
nsed.  For  moving  pictures  a  somewhat  brighter  screen  is  desirable,  and  the 
illumination  should  be  at  least  twice  as  great  Translucent  and  alnmimam 
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screens  are  discussed  ;  such  surfaces,  while  greatiy  increasing  the  brightness 
of  the  image  seen  by  those  directly  facing  the  picture,  diminish  the  efiFect  as 
seen  obliquely,  and  are  apt  to  give  rise  to  irregularities.  In  a  theatre,  time 
should  be  allowed  for  the  eyes  of  the  audience  to  become  accommodated  to 
the  darkness  before  films  are  shown,  and  bright  spots  of  light  round  doors 
and  windows,  which  distract  the  eye>  should  be  avoided.  The  use  of  a 
water-cell  to  absorb  heat  and  avoid  cracking  of  slides  or  films  is  regarded 
as  essential.  In  the  discussion,  reference  is  made  to  the  Leitz  combined 
projecting  apparatus,  which  can  be  used  for  ordinary  lantern  work,  moving 
pictures,  microscope  projection,  and  the  projection  of  solid  objects.  For 
microscope  projection  great  flexibility  and  range  of  magnification  is  needed. 
In  dealing  with  solid  objects  only  about  8  %  of  the  di£Eusely  projected  light 
goes  through  the  objective.  H.  Gage  gave  some  confirmatory  figures  for 
the  brightness  of  the  screen.  For  lantern-slides  in  a  dark  room  2*5  candle-f  L 
is  sufficient,  and  5  candle-ft.  ample.  With  stained  films  much  higher 
values  are  needed  ;  for  example,  25  candle-ft.  with  blue  material.  L.  C. 
Porter  discussed  the  conditions  in  which  electric  glow-lamps  may  be  used 
for  projection ;  such  lamps  are  already  used  for  small  projectors,  and  will 
shortly  answer  for  larger  work  where  25-amp.  arcs  are  used.  M.  Luckiesh 
suggested  that  the  speed  required  to  eliminate  flicker  is  a  function  of  the 
screen-illumination,  which  should  therefore  be  closely  studied.         J.  S.  D. 

1026.  Distribution  of  Energy  in  the  Visible  Spectrum  of  an  Acetylene  Flame, 
W.  W.  Coblentz  and  W.  B.  Emerson.  (Bureau  of  Standards,  BulL 
pp.  866-864,  1916  [Sci.  Papers  No.  279].)— In  a  previous  paper  [Abs.  142 
(1912)],  data  were  given  of  the  spectral  energy  distribution  of  a  flat  acetylene 
flame  radiating  edgewise  into  the  slit  of  a  mirror  spectrometer.  The  data 
given  in  the  present  paper  refer  to  a  cylindrical  acetylene  flame,  produced  by 
a  single-jet  "  Crescent  Aero  "  burner,  consuming  1/4  cub.  ft.  of  gas  per  hour, 
the  gas  pressure  at  the  outlet  being  7*6  cm.  of  water.  The  central  portion  of 
the  flame  (86  mm.  high  and  3  mm.  thick)  was  used.  In  the  region  of  the 
spectrum  extending  from  the  yellow  to  the  violet  the  spectral  energy  dis- 
tribution of  all  the  flames  examined  appears  to  be  the  same,  within  the  limits 
of  observation.  On  the  other  hand,  in  the  region  extending  from  the  red 
toward  the  long  wave-lengths,  the  emissivity  is  greatly  aflEected  by  the 
variation  in  thickness  of  the  radiating  layer  of  incandescent  particles  in  the 
flame.  Hence,  in  and  beyond  the  red  part  of  the  spectrum  the  data  apply 
only  to  cylindrical  flames  which  are  operated  under  specified  conditions.  A 
comparison  of  the  "  Bray ".  burner  used  by  Nutting  in  his  work  on  the 
visibility  of  radiation  with  the  "  Crescent  Aero  "  burner,  showed  the  energy 
distribution  in  the  flames  to  be  the  same  throughout  the  visible  spectrum 
to  0*70/1,  where  the  former  begins  to  increase  in  emissivity.  The  paper  is 
illustrated  with  tables  and  graphs.  A.  W. 

1027.  Dispersion  and  Absorption  of  Thin  Metal  Layers,  B.  Pog4ny. 
(Ph]^.  Zeits.  17.  pp.  261-269,  June  16, 1916.)— In  a  previous  paper  [Abs.  1676 
(1914)]  measurements  of  the  electrical  conductivity  and  optical  properties  of 
thin  layers  of  Ft,  Pd,  Au,and.Ag  were  given.  The  results  for  gold  were  par- 
ticularly interesting,  as  the  index  of  absorption  of  thin  layers  of  gold  as  a 
function  of  the  thickness  of  the  layer  possesses  a  maximum.  This  result 
cannot  be  explained  by  Planck's  theory  of  absorption  and  displersion  by 
thin  metal  layers.  Further  measurements,  carried  out  tti  a  manner  <liffereat 
from  the  earlier  ones,  confirm  the  resnlts  already  obtained.    A  description  ift 
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given  of  these  later  experiments.  In  the  second  part  of  the  paper  it  is 
shown  that  be^des  the  usual  assumptions  of  Planck's  theory  it  is  necessary  to. 
assume  that  throughout  a  thin  metal  layer  the  conducing  electrons  are 
bound  by  quasi-elastic  forces ;  it  is  then  possible  to  explain  both  the  optical 
behaviour  and  the  phenomena  of  electriod  conductivity  in  thin  metad  layers. 

A,W. 

1028.  Ruling  and  Performance  of  a  Ten-inch  Diffraction  Grating,  A.  A. 
Michelson.  (Frank.  Inst,  J.  181.  pp.  786-789,  June,  1916.)— Special  pre- 
cautions have  been  taken  with  the  construction  of  a  new  ruling  machine 
designed  for  making  diffraction  gratings  with  ruled  surface  14  in.  long.  The 
corrections  of  the  residual  errors  were  determined  by  means  of  interfero- 
meter mirrors  mounted  on  the  instrument.  Reproduction  is  given  of  a 
photograph  of  the  green  mercury  line  X6461,  taken  with  a  10-in.  grating  in 
the  6th  order ;  the  negative  shows  a  resolving  power  of  about  600,000,  very 
nearly  the  full  theoretical  value.  Attention  is  drawn  to  the  possibility  of 
producing  gratings  by  means  of  the  direct  action  of  light  waves  from  a 
homogeneous  source  without  the  intervention  of  screws  or  other  instrumental 
apparatus.  C.  P.  B. 

1029.  New  Method  for  Enlarging  Photographs  without  the  Use  of  a  Lens, 
A.  J.  Lotka.  (Phys.  Rev.  7.  pp.  660-662,  June,  1916.)— The  method  consists 
in  moving  the  negative  to  be  enlarged  past  a  narrow  slit  source  of  light,  and 
at  the  same  time  moving  a  sensitive  plate  under  the  negative  at  a  speed  equal 
to  some  constant  multiple  («)  of  the  speed  of  the  negative.  On  development 
of  the  sensitive  plate  a  positive  transparency  is  obtained,  in  which  all  lines  of 
the  original  negative  which  were  parallel  to  the  slit  during  the  exposure  are 
unaltered,  while  all  lines  at  right  angles  to  the  slit  are  magnified  in  the  ratio 
n  :  1.  This  positive  is  subsequently  subjected  to  a  repetition  of  the  process 
practised  on  the  original  negative,  but  with  the  motion  now  at  right  angles 
to  the  lines  drawn  out  n-fold  in  the  first  operation.  The  result  of  the  second 
operation  is  a  negative  geometrically  similar  to  the  original  but  with  the 
linear  dimensions  enlarged  n  times,  or  the  area  n*  times.  The  apparatus 
employed  for  carr)ring  out  the  process  has  been  constructed  on  exccecKngly 
simple  lines  with  the  use  of  material  readily  obtainable  on  the  market,  e.g, 
when  the  ratio  n  of  the  velocities  is  2  a  simple  contrivance  in  accordance 
with  the  principle  of  the  single  movable  pulley  enables  the  relative  motion  to 
be  obtained  and  is  secured  by  the  simple  expedient  shown  diagrammatically  in 
the  original.  Among  the  advantages  which  the  new  method  presents  is  uni- 
formity of  illumination  over  the  entire  field ;  geometric  similarity  to  the  original 
of  the  image  produced,  i.e,  absence  of  distortion  such  as  spherical  aberration 
introduces ;  compactness  and  simplicity  of  apparatus ;  replacement  of  lens 
by  a  simple  slit,  and  hence  low  cost  of  the  apparatus.  The  process  necessi- 
tates two  successive  exposures,  but  this  is  true  also  of  the  ordinary  method 
when  a  negative  is  to  be  prepared  from  a  negative.  It  is  shown  that  the 
limiting  separation  {d)  which  the  apparatus  will  effect  is  given  by  the  formula 
dss{n  —  l)nls,  in  which  s  =s  diam.  of  slit  and  n  sa  degree  of  magnification^ 
Thus,  for  example,  for  n  =  2  we  have  d  =  s/2,  and  a  comparatively  coarse 
slit  1/100  in.  wide  will  still  separate  points  just  a  little  over  1/200  in.  apart. 

A.  E.  G. 

10a0«  Coiour  Filter  for  Spectrum  Photography.    M.  Luckiesh.    (Astro- 
phys.  J.  48.  pp.  802-809,  May,  1916.)— To  compensate  for  the  varying  plate 
sensitiveness  to  different  cokmrs  the  author  first  exposes  one  of  the  plates  to 
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the  spectrum  given  by  a  continuous  light  source,  and  after  development  this 
plate  is  placed  in  front  of  subsequent  plates  so  that  the  spectra  pass  through 
the  negative  of  the  continuous  spectrum.  This  will  ensure  an  automatic 
screening  of  those  parts  of  the  spectrum  which  are  most  strongly  impressed 
on  the  plate,  thus  producing  a  more  even  band  of  photographic  action. 
Curves  are  given  showing  the  action  on  plates  of  various  makers,  with  grating 
and  prism  spectrographs.  '  C.  P.  B. 

1031.  Minimum  Deviation  in  Prism.  V.  G.  Cavallaro.  (N.  Cimento, 
11.  pp.  221-228,  March-April,  1916.)^A  simple  and  direct  proof,  without 
mathematics  beyond  trigonometry,  of  the  law  of  minimum  deviation  in  a 
prism.  A.  D. 

1032.  Theory  of  Colour-vision,  R.  A.  Houstoun.  (Roy.  Soc.,  Proc.  92. 
pp.  424-482,  July  1,  1916.) — The  conception  of  primary  colours  and  the 
Young- Helmholtz  theory  of  colour- vision  appears  to  be  based  mainly  upon 
experiments  on  the  mixing  of  pigments.  The  author  seeks  to  show  how  the 
facts  of  colour-mixing  can  be  explained  by  a  mathematical  formulation  of  the 
Edridge-Green  theory  of  colour  vision. 

Starting  from  the  luminosity  curve  for  the  spectrum  as  seen  by  the  normal 
eye  and  veri6ed  by  Ives  and  Nutting,  the  author  develops  some  equations  by 
which  the  shape  of  this  curve,  and  its  alteration  at  diminished  intensity  can 
be  explained.  In  order  to  explain  phjrsically  the  Purkinje-e£Eect  he  suggests 
that  the  vibrators  on  the  retina  can  be  regarded  as  embedded  in  a  yellow 
medium.  At  low  intensities  the  energy  is  absorbed  near  the  surface  of  this 
medium :  at  high  intensities  most  of  the  vibrators  near  the  surface  will  become 
bleached.  Consequently  at  high  intensities  the  maximum  is  shifted  towards 
the  yellow.  There  is  no  decided  evidence  in  favour  of  the  existence  of  three 
distinct  sets  of  vibrators  in  the  eye.  The  vibrators  may  be  assumed  to  set  up 
waves  which  are  carried  to  the  brain,  on  the  analogy  of  the  telephone.  The 
vibrator,  however,  does  not  reproduce  the  wave  accurately,  and  even  if 
monochromatic  light  impinges  on  the  eye  the  wave  transmitted  along  the 
nerve  may  not  be  monochromatic.  In  order  to  explain  the  apparent  tri- 
chromatism of  ordinary  sensations  it  is  necessary  to  assume  that  the  colour- 
perceiving  centre  is  imperfecUy  developed,  so  that  the  luminosity  curve  is 
made  up  of  the  juxtaposition  of  three  rectangles.  J.  S.  D. 

1033.  Absence  of  Purkinje-ejfect  in  the  Fovea  of  the  Eye,  L.  T.  Troland. 
(Frank.  Inst.,  J.  182.  pp.  111-112,  July,  1916.)— In  studying  this  effect  the 
author  used  a  field  of  1°  diameter  with  a  central  red  belt  0*84°  wide,  illumi- 
nated by  light  of  wave-length  654-687 /i/i.  The  adjacent  area  was  illuminated 
with  light  of  wave-length  469-481  /i/i.  In  the  centre  of  the  field  was  a 
luminous  fixation  spot,  just  bright  enough  to  be  visible  to  the  dark-adapted 
eye.  This  served  to  maintain  a  steady  direction  of  vision.  The  observer  was 
asked  to  determine  the  points  at  which  (1)  the  red  was  slightiy  brighter  than 
the  blue,  and  (2)  the  two  were  of  equal  brightness.  This  experiment  was 
carried  out  at  50  photons.  (One  photon  is  an  illumination  of  the  retina 
corresponding  with  a  stimulus  surface-brightness  of  1  candle  per  sq.  m.,  and 
an  effective  pupillary  aperture  of  1  mm.*).  The  subject  was  next  given 
80  minutes'  complete  dark  adaptation,  and  he  was  then  asked  to  repeat  his 
observations  with  the  absolute  brightness  of  both  fields  reduced  to  1/82  of 
the  former  values.  In  four  separate  experiments  conducted  in  thi^  way  the 
author  failed  to  detect  any  sign  of  the  Purkinje-effect.  J.  S.  D« 

VOL.  XIX.— A.— 1916. 


Digitized  by  VjOOQ IC 


UGHT.  389 

1034.  Ejfeci  of  Tcmptraiurc  upon  the  Absorption  Spectrum  of  a  Synthetic 
Ruby.  K.  S.  Gibson.  (Phys.  Rev.  a  pp.  88-47,  July,  1916.)— The  eflFect  of 
temperature  upon  the  absorption  specbrum  of  a  synthetic  ruby  has  been 
studied,  a  Lummer*Brodhun  spectrophotometer  being  used.  Curves  are 
given  showing  how  the  percentage  transmission  and  the  coefficient  of 
absorption  vary  with  the  wave-length  at  different  temperatures.  The  wave- 
lengths of  the  various  lines  and  bands  in  the  absorption  spectrum  have  been 
determined,  and  the  values  obtained  agree  closely  with  those  obtained  by 
other  investigators.  A  relation  has  been  found  t>etween  the  wave-length  X 
and  the  absolute  temperature  T  for  an  absorption  doublet  in  the  red  part  of 
the  spectrum.  This  relation  is  of  the  form  X  =sa  4-  be^^,  where  a,  6,  and  k 
are  constants  which  may  be  determined  graphically.    [See  Abs.  1409  (1915).] 

A.W. 

1085.  Interferences  of  the  Direct  Spectra  of  Two  Gratings,  C.  Barus. 
(Phys.  Rev.  7.  pp.  687-598,  June,  1916.  Abstract  of  Report  to  Carnegie  Inst, 
of  Washington.) — ^The  chief  purpose  of  the  work  described  in  the  present 
paper  is  the  search  for  phenomena  similar  to  those  recently  discussed  [Abs. 
270  (1916)],  but  in  which  the  two  spectra  brought  to  interference  are  not 
inverted  relative  to  each  other.  The  apparatus  used  was  similar  to  that 
employed  previously,  two  plane  transmission  gratings  l>eing  mounted  parallel 
to  one  another,  the  distance  apart  being  controlled  by  a  micrometer  screw. 
Light  from  a  collimator  with  slit  is  sent  through  the  two  gratings,  observa- 
tions being  made  at  the  other  side  with  a  telescope  or  a  single  ocular.  The 
adjustments  in  the  case  of  white  light  are  simple,  and  the  interferences 
usually  very  pronounced,  large,  and  striking.  Brilliant  spectra,  channelled 
with  vertical  narrow  black  lines,  are  easily  obtained  when  the  longitudinal 
axes  are  placed  accurately  in  coincidence.  If  the  gratings  are  quite  identical 
the  sodium  lines  will  also  be  in  coincidence.  Otherwise  the  two  doublets 
DiDt  and  Di'Dt'  of  the  two  spectra  (nearly  identical  in  all  their  parts  and  in 
the  same  direction)  are  placed  in  coincidence  by  rotating  either  grating 
around  a  vertical  axis.  Thereupon  the  strong  fringes  will  usually  appear  for 
all  distances  e  between  the  gratings  less  than  2  cm.  These  fringes  are  nearly 
equidistant,  vertical,  and  they  intersect  the  whole  spectrum  transversely. 
They  are  not  complicated  with  other  fringes,  as  in  the  experiments  previously 
described.  They  increase  in  size  till  a  single  shadow  fills  the  field  of  view, 
in  proportion  as  the  distance  e  is  made  smaller  and  smaller  to  the  limit  of 
complete  contact.  Various  particular  cases  are  dealt  with.  (1)  White  light. 
Coloured  fringes, — ^The  two  sodium  doublets  seen  in  the  arc  spectrum  are 
usually  equally  brilliant,  and  but  one  set  of  strong  fringes  is  present  in  the 
field  of  the  telescope.  If  both  gratings  are  rotated,  changing  the  angle  of 
incidence  from  0^  to  P,  the  fringes  disappear  from  the  principal  focal  plane, 
but  reappear  strongly  in  another  focal  plane.  In  such  a  case  the  D  lines  are 
no  longer  superposed.  Introducing  a  plate  of  glass  between  the  gratings 
produces  an  enlargement  of  the  fringes,  and  a  slight  rotation  of  the  slit  round 
the  axis  of  the  collimator  rotates  the  fringes  in  the  opposite  direction  to  the 
sodium  lines.  (2)  Homogeneous  light.  Wide  sUL  Transverse  axes  coincident. 
— If  there  is  no  colour  difference,  fringes  of  the  same  kind  will  be  seen  in  the 
telescope  on  widening  the  slit  indefinitely.  Accurate  adjustments  are  again 
necessary  if  strong  fringes  are  to  appear  in  the  principal  focus.  If  the 
sodium  Hnes  are  not  superposed  the  fringes  may  still  be  seen,  but  they  are 
not  in  the  principal  focal  plane,  and  the  new  focal  plane  changes  continunlly 
as  the  fringes  grow  in  size.  (8)  Homogeneous  light.  Fine  slit.  Transverse 
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axes  not  coincident. -^To  obtain  this  group  of  interferences,  the  two  sodiom 
lines  from  a  very  fine  slit  are  thrown  sHghtly  out  of  coincidence,  by  not  more 
than  the  DiDt  distance.  In  the  principal  focal  plane  these  doublets  are  seen 
sharply,  while  if  the  ocnlar  is  moved  sufficiently  forward  or  backward  an 
interesting  set  of  fringes  appears  which  resemble  Presoers  fringes  for  two 
virtual  dits.  These  fringes  may  be  seen,  however,  on  both  sides  of  the  focal 
plane,  and  increase  in  size  with  the  distance  of  the  plane  of  observation 
from  the  principal  focal  plane.  (4)  Homogeneous  light  Slit  and  collimator 
removed. — ^The  fringes  observed  in  this  case  are  similar  to  those  with  a  wide  slit. 
All  the  different  types  are  discussed  at  some  length,  and  the  question 
of  the  bearing  the  present  experiments  have  on  the  reversed  spectra  is  also 
dealt  with.  A.  W. 

1036.  Banded  Spectra  in  Electric  Furnace.  A.  S.  King.  (Mt  Wilson 
Solar  Observatory,  Contrib.  No.  114.  Astrophys.  ].  48.  pp.  841-846,  June, 
1916.)— Sun-spot  spectrum  is  largely  made  up  of  the  banded  spectra  oi 
titanium  oxide,  magnesium  hydride,  and  calcium  hydride,  and  the  present 
paper  gives  the  results  of  a  determination  of  the  laboratory  conditions 
necessary  to  give  the  structure  in  its  purest  form.  In  the  case  of  Ti  it 
was  already  known  that  the  dectric  furnace  in  vacuo  did  not  produce  the 
band  spectrum,  and  admission  of  air  to  half  an  atmosphere  also  failed  to 
show  the  bands.  On  introducing  a  powerful  blast  of  air  through  the  carbon 
resistance  tube  the  bands  came  out  with  great  distinctness,  the  line  spectrum 
of  Ti.  being  practically  suppressed.  This  was  repeated  with  pure  oxygen 
from  a  cylinder,  with  the  same  result  No  material  alteration  of  temperature 
appeared  to  be  produced  by  the  oxygen,  the  temperature  of  the  operation 
being  about  2800^0.  A  distinct  difference  of  gradation  of  intensity  was 
found  in  the  furnace  spectrum  compared  with  that  of  the  arc,  the  bands  of 
the  red  end  being  relatively  stronger  in  the  furnace. 

Id  the  cases  of  magnesium  and  calcium  it  is  clearly  indicated  that  the 
band  spectrum  is  specially  prominent  in  an  atmosphere  of  hydrogen,  it  being 
also  noted  that  the  structure  is  best  about  ^aOCf  rather  than  at  2500^  C. 

C.  P.  B. 

1037.  Distribution  of  Intensity  in  Broadened  Spectrum  Lines.  J.  W. 
Nicholson  and  T.  R.  Merton.  (Roy.  Soa,  Phil.  Trans.  216.  pp.  459- 
488,  June  28,  1016.)— In  a  previous  paper  [Abs.  678  (1916)]  a  method  of 
investigating  the  distribution  of  intensity  in  broadened  spectrum  lines  was 
described,  and  it  was  shown  that  the  results  obtained  for  the  hydrogen  lines 
Hay  H|9,  and  H^  were  qualitatively  in  accordance  with  the  intensity  distribu- 
tion to  be  expected  on  the  view  that  the  electric  £eld  of  neighbouring  atoms 
was  responsible  for  the  broadening.  The  present  investigation  is  concerned 
with  the  quantitative  determination  of  intensity  in  broadened  spectrum  lines, 
with  the  view  of  throwing  some  further  light  on  the  nature  of  the  broadening 
and  the  circumstances  which  control  it.  Particulars  are  given  of  the  method 
employed  with  the  neutral  wedge  used  to  obtain  the  wedge-shaped  image 
of  the  broadened  lines*  In  making  measurements  of  the  images,  enlarge- 
ments were  made  through  a  ruled  process  screen,  the  resulting  image  thus 
consisting  of  fine  black  dots  on  a  white  ground.  In  this  way  measurements 
may  be  easily  made  by  pricking  out  the  last  dot  visible  at  a  large  number  of 
points  on  the  wed^,  and  subsequently  drawing  a  curve  through  these  points. 
It  is  believed  that  this  method  has  almost  entirely  eliminated  the  personal 
error  in  picking  out  points  of  equal  density.    The  line  H^  has  been  quanti- 

VOL.  XIX.— A.— 1916. 


Digitized  by  VjOOQ IC 


UQHT,  891 

tatively  investigated  in  this  vtsiy,  and  qoalitative  observations  have  been  knade 
oi  other  lines  -of  H,  He,  and  Li.  The  results  of  the  investigation  are  as 
follows :— (1)  The  intensity  distribution  of  lines,  broadened  by  condensed 
discharges  and  at  high  pressures,  does  not  follow  the  well-known  probability 
law,  which  is  known  to  obtain  under  certain  specified  conditions.  (2)  The 
broadening  of  Ha  is  symmetrical*  (8)  The  most  general  characteristic  of  all 
the  curves  obtained  is  that  their  curvature  is  away  from  the  axis  perpen- 
dicular to  the  wave-length  scale.  It  is  shown  that  even  in  the  case  of  a 
simple  curve,  such  as  that  found  for  Ha,  this  is  inconsistent  with  the  view 
that  a  single  component  is  involved.  (4)  The  existence  of  more  than  one 
component  is  in  accordance  with  the  view  that  the  electrical  resolution  of 
the  lines  is  the  origin  of  their  broadening.  (5)  On  the  supposition  of  several 
components,  symmetrically  distributed  about  the  centre,  the  only  general 
law  consistent  with  the  distribution  of  curvature  is  that  of  a  sum  of  linear 
exponential  terms,  one  for  each  component.  (6)^It  is  shown  that  under  these 
circumstances  discontinuities  in  the  dope  of  the  curves  must  occur.  The 
discontinuities  which  have  been  found  in  the  curve  for  Ha  are  in  quantitative 
accordance  with  those  to  be  expected  from  the  available  data  with  respect 
to  the  electrical  resolution.  (7)  Qualitative  observations  of  Hfi,  Hy,  and  the 
diffuse  series  of  He  and  LL  confirm  the  view  that  electrical  resolution  is  the 
principal  cause  of  the  phenomena.  (8)  A  discussion  of  further  applications 
of  the  method  is  given.  A.  W. 

1038.  Rotation  of  Interference  Fringes  in  Reversed  and  Non-reversed  Spectra, 
C.  Barus.  (Am.  J.  Sci.  42.  pp.  68-T3,  July,  1916.)— A  continuation  of  pre- 
vious work  [Abs.  71,  776,  and  1085  (1916)] .  This  paper  gives  a  theoretical 
explanation  of  various  experimental  results  previously  dealt  with.       A.  W. 

lOdO.  Ratio  between  the  Zeeman  and  Pressure  Effects  in  the  Spectrum  of 
Nickel.  T.  van  Lohuizen.  (K.  Akad.  Amsterdam,  Proc.  18.  No.  8. 
pp.  1800-1822,  1916.)*~A  comparison  of  these  two  effects  for  Fe,  Or,  and 
Ti  has  l>een  previously  made  by  King  [Abs.  1244  (1910)] .  In  the  present 
discussion  of  the  Ni  spectrum  the  results  of  Miss  Graftdijk  for  the  magnetic 
decompositions  have  been  employed,  those  of  Bilham  for  the  spark-spectrum 
and  those  of  Duffield  for  the  arc-spectrum  pressure  shifts.  From  these 
results  it  appears  that  simple  proportionality  between  the  two  effects  does 
not  exist  Following  the  classification  of  Gale  and  Adams,  the  lines  are 
divided  into  five  groups.  A  study  of  the  ratio  of  the  two  effects  shows  that 
the  distinction  of  the  different  groups  gives  as  pronounced  results  as  in  the 
investigation  of  the  pressure  effect  alone.  For  the  Groups  land  II  the  ratio 
is  greatest,  while  Group  V  is  characterised  by  a  very  small  ratio.  Though 
the  Groups  J  and  II  show  great  agreement,  so  that  Bilham  feels  inclined  to 
combine  them  into  a  single  group,  in  the  comparison  of  the  two  effects  the 
difference  is  still  considerable,  and  since  a  sufficient  number  of  observations 
was  here  available,  it  is  probable  that  the  observed  difference  is  a  real  one. 
The  greatest  differences  were  found  in  Group  IV.  The  results  obtained  here 
point  to  the  fact  that  these  lines  of  this  group  (to  which  belong  all  so-called 
enhanced  lines)  are  sensitive  in  very  different  degrees  to  the  different  ways 
in  which  the  pressure  effect  has  been  determined.  As  tb  the  Zeeman-effect, 
these  lines  (except  that  one  of  them  does  not  show  a  magnetic  decompo- 
sition) do  not  show  any  particularity.  More  observation  on  the  pressure 
effect  and  also  on  the  Zeeman-effect  are  required  before  the  comparison  of 
the  two  effects  can  be  properly  carried  out.  A.  W, 
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1040.  **  Grating-space"  in  Rock-salt  and  Sylvine  Crystals,  and  Accurate 
Determination  of  X-ray  Wave-lengths.  £.  Wagner.  (Ann.  d.  Physik,  49.  6. 
pp.  626-647,  May  5, 1916.)^The  paper  commences  with  a  discussion  of  the 
work  of  Moseiey  and  Darwin,  Bragg,  and  others,  in  which  the  well-known 
equation  nX  ss  2<f  sin  ^  has  been  so  frequently  employed.  The  possible  sources 
of  error  in  the  determination  of  the  various  factors  involved  in  this  equa- 
tion are  considered  carefully  and  the  method  of  accurate  determination  is 
described  in  detail.    As  a  result  of  such  measurements  the  author  gives  the 

Y3|llQ5ii.— 

X«.  =  0-6828  L  ±  0-0001  A. 
Xa,  =  0-6872 A.  ±0 0001 L 

for  the  wave-lengths  of  the  at-  and  Of-lines  of  the  K-series  of  palladium. 
Later  values  of  other  investigators  are  given  in  the  following  table  : — 


Moseiey  —  0-684 

Bragg  0-680  0'688 

Mahner    0-690  0686 


Moseley's  value,  <is=  2*814  x  10-*  cm.,  for  rock-salt  has  been  verified  and 
used  in  the  calculation  of  the  wave-lengths  above  mentioned.  Using  this 
value  also,  the  author  finds  the  corre^onding  constant  for  sylvine  (KCl)  to 
be  8186  X  10-»  cm.  A.  E.  W. 

1041  Results  of  Crystal  A  nalysis.  L.  Vegard.  (Phil  Mag.  82.  pp.  66-96, 
July,  1916.) — In  addition  to  some  observations  concerning  the  structure  of 
silver  [see  also  Abs.  1197  (1916)],  gold,  and  lead,  this  paper  deals  mainly  with 
the  determination  of  the  zircon  group,  represented  by  the  minerals  zircon 
(ZrSiOi),  rutile  (TiQf)t,  and  tinstone  (cassiterite  SnOt)>.  The  structure  of  the 
spinal  group  of  crystals  has  also  been  examined,  the  results  obtained  being  in 
good  accord  with  those  of  Bragg  [Abs.  1197  (1916)]. 

In  the  case  of  gold  a  natural  crystal  was  used,  the  lead  crystal  being  pro- 
duced artificially  by  precipitating  lead  on  zinc  from  a  solution  of  lead  acetate. 
It  is  shown  conclusively  that  gold  and  lead  crystals  have  the  same  space- 
lattice  as  copper  and  silver,  i.e,  a  face-centred  lattice. 

The  examination  of  the  structure  of  the  zircon  group  proved  to  be  rather 
complex.  The  observations  point  to  the  conclusion  that  the  Zr  and  Si  atoms 
are  arranged  in  a  lattice  of  the  diamond  type.  An  interesting  deduction 
points  to  the  fact  that  the  first-order  spectrum  for  the  face  (III)  in  the  case  of 
TitOi  and  SutOi  is  produced  entirely  by  the  oxygen  atoms.  After  determining 
the  arrangement  of  oxygen  atoms  in  the  molecules,  the  relative  intensities  of 
spectra  of  various  orders  are  discussed  theoretically,  frequent  reference  being 
made  to  the  work  of  W.  H.  and  W.  L.  Bragg. 

Considering  the  molecular  structure  of  the  space-lattice,  it  is  observed  that 
the  groups  SiOj  and  ZrOt  (in  the  case  of  zircon)  form  the  "molecular 
elements  "  of  the  lattice,  there  being  also  reason  to  believe  that  these  groups 
iorm  chemically  saturated  compounds. 

Analysis  of  the  structure  of  thorite,  ThSiO^  (also  of  the  zirccm  group), 
shows  that  this  crystal  gives  no  X-ray  reflection  at  all — the  lattice  being  com- 
pletely broken  down,  only  the  out^  form  being  preserved  to  indicate  the 
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atomic  framework  which  once  existed  in  the  crystal.  A  cr3rstal  of  this  type, 
a  "metamict"  crystal,  is  thus  isotropic,  though,  to  all  outward  appearance, 
crystalline.  A.  B.  W. 

1042.  New  Group  qf  Ldnes  (M  scries)  in  High-frequency  Spectra,  M. 
Siegbahn.  (Comptes  Rendus,  162.  pp.  787-788,  May  22,  1916.>— In  a 
sjrstematic  investigation  of  the  X-ray  spectrum  of  uranium,  with  the  object  of 
demonstrating  the  existence  of  wave-lengths  greater  than  those  characteristic 
of  the  L-series,  the  author  claims  to  have  discovered  a  new  group  of  lines 
which  correspond  to  the  hypothetical  M  series.  The  apparatus  employed, 
consists  of  a  spectrograph,  in  vacuo  (on  account  of  great  absorption  of 
"  M-radiation  "  on  air) ;  a  crystal  of  gypsum  being  used  as  analyser.  In  the 
case  of  Ur  the  following  lines  were  noted  i— 


Line. 

a. 

fi- 

T«. 

if 

*,. 

(Can   ^ 

Wave-length  x  !(>-•  cm. 

8-906 

8-715 

8480 

8-868 

8*824 

8-078 

and  some  others  more  feeble. 

An  investigation  of  the  elements  Th,  Bi,  Pb,  Tl,  Au,  shows  that  this  series 
is  represented  in  the  spectra  of  all  these  elements. 

Errata  (Ibid.  p.  892,  June  5, 1916).  A.  B.  W. 

1043.  A  Recording  X-ray  Spectrometer,  and  the  High-frequency  Spectrum  <rf 
Tungsten.  A.  H.  Compton.  (Phys.  Rev.  7.  pp.  646-659,  June,  1916.)— In 
this  paper  an  apparatus  is  described  which  gives  a  continuous  record  (ionisa- 
tion  method)  of  the  intensity  of  a  beam  of  X-rays  at  different  angles,  and  a 
study  of  the  X-ray  spectrum  of  tungsten  has  been  made  to  illustrate  the 
manipulation  of  the  instrument.  The  apparatus  differs  from  the  well-known 
Bragg  X-ray  spectrometer  in  two  essentials :  (1)  The  ionisation  current  due 
to  the  reflected  beam  of  X-rays,  instead  of  charging  up  an  electroscope 
directly,  goes  to  one  pair  of  quadrants  of  an  electrometer,  and  is  shunted  to 
earth  through  a  high  resistance.  The  electrometer  thus  acts  as  a  highly 
sensitive  galvanometer,  a  steady  ionisation  current  producing  a  steady  pro- 
portional deflection.  (2)  The  angle  of  the  crystal  and  the  position  of  the 
ionisation  chamt>er  are  varied  continuously  in  such  a  manner  that  the 
ionisation  chamber  is  always  able  to  receive  the  reflected  beam  of  X-rays, 
and  the  electrometer  deflections  corresponding  to  each  particular  angle  of 
the  crystal  are  recorded  on  a  moving  roU  of  photographic  paper. 

Using  this  arrangement  the  X-ray  spectrum  of  tungsten  has  been 
examined  in  some  detail.  In  addition  to  the  seven  lines  already  known,  an 
indication  has  been  found  of  six  others,  two  of  which  are,  however,  somewhat 
uncertain.  The  wave-lengths  of  these  lines  are  tabulated.  The  relative 
intensities  of  different  lines  of  the  same  order,  and  of  the  same  line  in  different 
orders,  have  been  found  from  a  study  of  the  records  obtained. 

The  observed  intensities  of  the  different  orders  indicates  that  polarisation 
occurs  when  a  beam  of  X*rays  is  reflected  by  a  crystal.  A.  B.  W. 


1044.  Symmetry  of  Rdntgen-patterns  of  Tetragonal  Crystals.     H.  Haga. 
and  F.  M.  Jaeger.    (K.  Akad.  Amsterdam,  Proc.  18.  No.  8.  pp.  1850-1857, 
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1916.)^A  further  paper  centimiing  the  study  of  the  specific  symmetry  of- ^the  - 
diffraction  i])aages  <5btaitied  by  radiating  crystals  of  di£Ferent  classes. 

The  following  tetragonal  crystals  have  been  examined ; — RutOe,  cassi- 
terite,  i-erythrite,  scheelite,  nickel  sulphate  (6HtO),  nickel  selcnate  (6H,0), 
potassium  dihydrophosphate,  penta-erythrite,  and  wulfenite.  The  symmefey 
of  the  Rdntgen  patterns  for  definite  sections  of  different  classes  has  already 
been  deduced  by  the  authors  [see  Abs.1681  (1915)] .  Reference  is  made  to 
these  deductions  and  the  different' crystals  are  discussed  in  the  present  paper,  ^ 

With  the  exbepHon  of  scheelite,  and  perhaps  also  6f  wulfenite— which  both  '' 
show  an  abnormal  increase  in  their  degree  of  symmetry,  probably  by  twinning' 
— there  ^was  found  in  all  cases  an  agreement  between  the  actually  o'bserved  and 
the  theoretically  predicted  symmetry  of  the  Rontgenipatterns  of  the  above 
tetragonal  crystals.     The  principal  correctness  of  the  diffraction-theory  is* 
thus  proved  sufficiently  for  tetragonal  crystals  also.  A.  B.  W, 

1045.  Rdnigen-fatterns  of  Isotnorphous  Crystals,  F.  M.  Jaeger  and 
H.  Haga.  (K.  Akad.  Amsterdam,  Proc.  18.  No.  8.  pp.  1857-1864,  1916.)— A' 
discussion  is  given  of  the  results  obtained  by  the  authors  on  radiating  through 
similarly  orientated  plane-parallel  plates  cut  from  crystals  which  are 
related  to  each  other  as  direct  "  isomorphous "  ones.  The  crystals  studied 
were  as  follows :  (a)  The  carbonates  of  calcium,  strontium,  barium,  and  lead 
as  occurring  naturally  in  tbd  minerals  arragonite,  s^ontianite,  withente,^and 
cerussite.  (6)  The  carbonates  of  calcium  and  manganese,  Whkih  are  found  as 
the  ditrigonal-scalenohedrical  minerals  calcite  and  rhodochrosite.  (c)  The 
sulphates  of  calcium,  strontium,  barium,  and  lead  in  the  minerals  anhydrite, 
coelestine,  baryitCi  and  ahglesite.  (d)  The  hexahydrates  of  nickel  sulphate 
and  nickel  selenate.  (^)  The  heptahydrates  ^  the  sulphates  of  cine, 
magnesium,  and  nickel. 

The  results  are  thus  reviewed  .^— "The  general  structure  of  the  Rdntgen 
patterns  of  analogously  orientated  sections  of  isomorphous  crystals,  appears 
to  be  a  closely  related  one.  It  b  confirmed  that  the  view,  after  which  such 
isomorphous  crystal  structures  would  possess  similar  Space-lattices,  in  which 
simply  a  substitution  of  one  atom  species  by  another  dosely  related  one  has 
occurred,  appears  to  be  highly  probable  and  well  justified.  However,  it 
cannot  be  denied,  that  under  the  same,  or  at  least  extremely  similar  circum- 
stances of  the  experiment,  there  appear  to  be  not  only  differences  between 
the  corresponding  patterns  on  their  minor  details,  but  especially  in  the 
number  arid  in  'the  characteristic  relative  distribution  of  the  intensities  of  the 
spots,  which  can  only  be  accounted  fbr  by  assuming  differences  in  the  specific 
secondary  radiations,  which  are  typical  for  every  kind  of  substituting  atoms 
especially.  It  is  not  impossible,  however,  that,  for  example,  the  more  or  less 
dose  occupation  of  corresponding  reticular  planes  in  those  space-lattices, 
will  moreover  play  a  certain  ttAt  in  the  whole  phenomenon.."  A.-  B.  W. 

1046.  Emission  Quanta  of  Characteristic  X-rays,  D.  I#.  Webster.  (Phjrs. 
Rev.  7.  pp.  599-618,  June,  1916.)— It  has  been  assumed  by  many  authors  that 
Planck's  quantum  hypothesis,  when  applied  to  the  energy  of  kathode  rays, 
would  ^ive  the  highest  frequency  of  a-rays  they  could  produce.  The  first 
accurate  experimental  proof  of  this  law  was  given  by  Duane  and  Hunt 
[Abs.1419  (1915)]  and  was  extended  to  a  kathode-ray  potential  of  110,000  volts 
by  Hull  [Abs.  886  (1916)].  The  possibility  that  this  law  does  not  apply  to 
characteristic  rays  also  is  indicated  by  the  fact  that  Wbiddington  found  that 
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the  total  radiation  from  a  metal  exposed  to  X-rays  begins  to  increase  rapidly 
with  increasing  energy  of  the  kathode  electrons  when  their  energy  is  nearly 
40%  above  that  which  the  quantum  law  was  later  found  to  demand  for  the 
production  of  the  a-lines,  the  strongest  of  the  K  series.  A  similar  conclusion 
on  X-rays  from  a  metal  exposed  to  kathode  rays  is  indicated  by  some  later 
wctfk  of  Beauty  [Abs.  606  (1918)].  As  the^point  wh^e  ihis  occurs  is  not  ,y#ry 
definite  and  t,he^terpretai^on  of  the  results  is  uncertain,  it  seened  desirable^ 
to  test  eacix  char^teristic  lin^  alo^^  with  a  spectrometer.  A  brief  report  ^ 
of  the  principal  results  of  such  a  test  was  presented  by  the  ^^uthpr  io  the 
American  Physical.  Society  in  Dec,  1916.  The  purpose  of  the  present 
paper  is  to  repprt^  the  results  mpre  fjojjy.s^d  discfi^  in  more  detail  their 
theoretical  significance. 

A  series  of  ply)tograf>1is  and  cturves  ^e  giyen  io  Hlustrate  the  main  points 
raised  in  the  paper.  .The  principal  experimental  {acts  proved  are : — (1)  Rays 
of  the  K  series  of  rhodium  are  produced  only  at  potentials  above  that  required 
to  excite  general  radiation  of  a  frequency  equal  6t  slightly  j^eateHhan^thzlt 
of  the  y-line.  (^)  Above  this  potentiial  all  the  K  Kncs  incrfcase  rtl'the  same 
ratio  for  any  given  iricreise^of  potential';  their  rates  ot  increase  are  con-' 
tinually  accelerated,  white  that  of  any  short  intervs^intbe  general  sp^trum 
is  at  first  retarded  and  then  nearly  constant.'  (8)  The  value  of  Planck's  "  h  " 
appears  to  be  ft-«8  X  10r«  «rg  sec.  taking  e  =»  4*774  x  10-w  e^.  uhit. 

These  results  are  subseqneatty  ^isctissed^  asstmung  •  that  the  X-ra^s  obey 
thelawsof  theclassicalelectromagiietics;  ......  r    a.  B.  W. 


RADIO-ACTIVITY. 

1047.  Tracks  oj  a-Pariides,  from  Radium  A,  in  Photographic  Films.  H. 
Ikeuti.  (Phil.  Mag.  81  pp.  129-181,  July,  1916.  Math.  Phys.  Soc,  Tokyo, 
Proc.  8.  pp.  465-471,  June,  1^16.)— When  a  point  source  of  a-rays  is  placed  ori 
a  photographic  plate,  the  paths  of  radial  a-rays  can  be  traced  on  the  film. 
If  the  ta^s  are  homogeneous,  all  the  tracks  will  terminate  on  a  spherical 
surface  whose  radius  is  equal  to  their  range  in  the  substance.  The  result  is 
that  the  tiricks  appear  as  a  halo.  Haloes  obtained  in  this  way  with  RaG 
have  already  been  iUuStratecl  in  a  previous  paper  t>y  Kinoshita  andthe 
author  fsee  Ab^.  569  (1915)].  A  description  is  now  given  of  a  novel  method 
of  obtaining  similar  photographs  in  which  the  tracks  of  RaA,  in  addition  to 
those  of  RaC,  are  clearly  visible.  Thfe  ratio  of  th6  ranges  of  the  two  sets 
of  a-particles  in  the  film  agrees  remarkably  weU  with  that  determined  from 
standard  measurements  of  the  ranges  in  air.  .      ' 

Excellent  photomicrographs  of  haloes  are  shown  in  illustration. 

A.  B.  W! 
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1048.  Determination  of  the  Radiation  Law  of  a  Solid  by  means  of  its 
Luminosity.  T.  Peczalski.  (Comptes  Rcndus,  W2.  pp.  684-686,  May  1, 
igi(j.)— In  a  preceding  paper  [see  Abs.  580  (1916)]  the  author  has  establbhed 
the  expressions  : — 

where  Ai  is  the  mean  absorption  power  between  the  wave-lengths  0  and  Xi, 
and  As  between  X  s=  Xi  and  X  s=  oo ;  •  is  the  emissive  power  of  the  black  body, 
Ri  the  luminosity  of  the  metal  at  temperature  T,  and  n  the  exponent  in  the 

radiation  law  E  =  <rT*.    By  taking  m  =T      Jf  ^'X :  I     tdX,  and  considering 

the  luminosity  R  of  the  black  body  at  T  (where  At  sa  Ai  s  1  and  n  a  4),  there 
follows  n  —  4=  (m— 4)(Ri  —  R)/(l  —  R),«  being  the  value  of  the  index  n  of 
the  radiation  law  for  a  body  emitting  radiation  of  wave-length  between  0 

and  Xi  only.    The  energy  radiated  by  this  body  is  Ei  =  «T*'=  I    tdk.    By 

differentiation  the  emissive  power  of  the  black  body  is  found  as  a  function 

of  the  temperature,  viz.  t(X)  =  T-(^  -h  w  ^  log  tV    Application  of  these 

formulae  has  been  made  to  the  case  of  liquids  used  as  optical  screens.  The 
transparency  limit  for  petrol  is  found  to  be  Xi » 1*265  ft.  The  author  finally 
determines  the  exponent  in  the  radiation  law  for  tantalum  to  be  n  =  4*19. 

H.  H.  Ho. 

1049.  The  Ratio  of  the  Two  Principal  Specific  Heats  of  Gases  and  Vapours. 
A.  Leduc.  (Journ.  de  Physique,  6.  pp.  5-21,  )an.-Feb.,  1916.) — The  state  of  an 
actual  gas  may  be  represented  by  the  equation  M^  s=  RT^  where  M  is  the 
molecular  mass  of  the  gas,  and  f  is  a  function  of  the  temperature  and  the 
pressure  which  may  be  called  the  relative  molecular  volume.  Experiment 
shows  that  f  ss  1 — mp — np^,  m  and  n  being  functions  of  the  temperature  only, 
or  f  =  1^  £7  —  ^u,  where  e  =  1/76  of  the  reduced  pressure,  and  z  and  u  are 
functions  of  the  reduced  temperature.  The  equations  refer  to  the  **  normal 
gas,"  Le.  one  that  obeys  sensibly  the  law  of  corresponding  states  in  the  same 
limits  of  pressure.    If  the  state  of  the  gas  or  vapour  is  represented  by 

^9*^' =s  const.,  it  can  be  shown  that  r'  =  7  \^  4f*  where  n^  is  negligible 

for  gases  whose  critical  temperature  is  above  100°  C.  Values  of  f  for  some 
gases  in  the  normal  condition  are  given — 

H  O  CO,  SO, 

1-0006  0*9992  0*9984  0*9771 

A  variation  of  Clement  and  D^sormes'  method  is  described,  and  experiments 
are  already  in  progress,  in  which  all  that  is  required  is  a  good  balance,  a 
sensitive  thermometer,  and  a   normal  barometer.    The  mass  of  the  gas 
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being  /i  at  temperatore  (f,  and  ft.'  at  temperature  f^,  it  is  proved  that 
y'  SB  (log  ^  —  log  p')  I  (log  /I  —  log  /),  from  which  y  can  be  deduced  from  the 
formulae  given  above. 

The  next  method  considered  is  one  depending  on  measurements  of  the 
velocity  of  sound  in  the  gas  or  vapour,  the  formulae  being  emplojred  being 
V  =  >/(RT/M .  y  .  fitii)  ^iy/  [RT/M  .  y/(l  +  n^)].  Results  are  calculated 
for  O,  H,  COt,  water-vapour,  benzene^  aiid  ether. 

Finally  a  cyclic  method  is  used  to  calculate  the  value  of  y,  the  formulae 
deduced  depending  on  a  knowledge  of  the  max.  pressure  of  the  vapour,  its 
latent  heat,  the  specific  heat  of  the  liquid,  and  the  compressibility  of  the 
vapour  between  the  limits  considered.    The  following  results  are  given  :-- 

1.  Saturated  Vapours. 


Water. 

Bciudic* 

EUmt. 

80° 

1*862 

i 
40° 

l-i38 

i 
OP 

1071 

100 

1-876 

60 

1180 

20 

1-077 

190 

1-878 

80 

1-182 

80 

1-081 

140 

1-880 

100 

1-186 

40 

1-086 

100 

1-875 

120 

1-189 

60 

1-096 

2.  Unsaturated  Water-vapour  at  Various  Pressures. 


Pretture  In  Atmot. 

1 

1 

1 

3 

i 

5 

6 

160° 

1-814 

1-826 

1-888 

1-860 

1-862 

1-874 

160 

1882 

1-844 

1-866 

1-869 

_ 

— 

140 

1-846 

1-859 

1-871 

.. 

.^ 

— . 

180 

1-867 

1-870 

— . 

— 

«. 

— . 

120 

1-865 

— 

— 

— 

— 

T.  B. 

1050.  Pag^s  Theory  of  Heat  Radiation.  D.  L.  Webster.  (Phys.  Rev. 
8.  pp.  66-69,  July,  1916.}— Page  has  recently  [Abs.  582  (1916)]  brou^t 
forward  a  theory  of  heat  radiation,  obtaining  Planck's  radiation  formula  by  a 
method  consistent  with  the  classical  electrodynamics  and  not  involving  so 
many  radical  assumptions  as  Planck's  theory.  The  author  of  the  present 
paper  made  a  similar  attempt  in  1915,  and  the  two  theories  contain  essen- 
tially the  same  fundamental  assumptions.  There  are,  nevertheless,  certain 
difiFerences  between  the  two,  and  in  the  present  note  Webster  concludes  that 
Page's  theory  shows  an  apparent  inconsistency  with  data  on  atomic 
magnitudes,  does  not  cover  such  a  large  range  of  phenomena  as  his,  and 
involves  at  least  as  many  radical  assumptions,  if  not  more.  A.  W. 
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1051.  Vowel  Sounds.  A.  StefiemiiiL  (K.  Osmoo^.U,.  pp..WO-%fB, 
Maroh^Ai^rUf  191€.V-^T«iiiig'^orks  oti !  reaonance  boxcs.> are  better. than 
HelmhoUks  glot>es ;  tbey  ^e  sharper  Tcsolts^  and  the  ^Dond  tXM^tmese^ier 
the'  vowel-soond  fan  oea^ed^  bchi^Qt  more'  or  less  loud  aedordiii|{  to  the 
strength  t><' the' pototial/  WiHi  ih^Ar  aM  it  is' found  that:  Hehnfaoltz'srtlifory 
will  not  hold  good  ;  a  tuning-fork  tuned  to  the  alleged  pitch  of  a  vowel  will 
or  will  not  sound  according  to-^Ji^  pitch. of^  \k^  Ypice.  But  theu:  aid  calls  for 
too  jmanyibrks.  And.  too  many,  simultan^Qus  gfeservers^  sinc^  it  is  practically 
impossible,  to  repeat  a  ^ven  vowel  ide^itically  many  times.  Th^  author  has 
fhftrftfnrft  iiftftH  the  fttrinf^  nf  a  gnuid  planofoxtfi*.  witka.miccoplmlc.  iittach- 
ment  to  each,  and  a  switch  governing  the  fvhole.'  Optical  methods  are  un- 
sati^dtoryl  WiCh  the  fbrmierit'was  found  that  (1)  if  k  stifng  resouiuied  to  a 
givie^  vowel  it  w6^d  refund  to  tio  other  r^fi)  alter  the^6h  o^  the  y6lee  and 
a  res^iinding  string  will  no  lonjger  resou^^d^  (8)  for.  soi^e  vowels  a  ::string 
wtio^  #iatu^  no^  is  lower  thaurthe  pitch,  of  the  voice-  gfves  out  on^]  of  its 
own  higher  harmonics ;  (4)  when  the  pitch  of  the  string  and  the  pitch  of  the 
voice  coincide,  the  string  gives  out  the  vowel  sound  strongly  reinforced.  For 
productiqn  pf  th^  ,vpwel  .so^ncl  tb.Q4>itch  of  the  ypige  .wa$  controlled  by  a 
Marbe  smoke-ring  apparatus.  The  notes  found  in  the  complex  vowel  sounds 
of  tlie  author's  speaking  voice  were  very  numerous  and  dose  together.  The 
shape  of  the  mouth  may  favour  resonance  of  certain  of  the  harmonics ;  but 
some,  of  these  ace  altogether  absent  when  the  voice  has,  or  has  not>  a  certain 
pitch.  The  accessory  tones  which  niake  up  a  vowel-sound  are  clearly  not 
always,  aliquot  l^monics  pf.  the  f un^f^mental. .  Most  of  the  experiments 
recorded  have  been  uppn.  v6we)s  s^i^ng^not  spoken;  but, jtb^rSpoken^ vowel 
leaves  a  much,  more  characteristic  (ifipression^  say, in  the  ph^nograpbi.  than 
the  same  voweLsung.  StilLspokpn  vowels,  thongb  .generipaUM  similac,  4i^er 
in  detail  from  one  anotherr  There  is- a  certain~periodicit|ni*  the  different 
vowel-sounds ;  does  it  foUow  from  this  that  the  ^xvertones  are  Jiatmonics  of 
the  fundamental  ?  If  we  assume  perfect  periodicity  and  the  applicability  of 
Fourier's  theorem,  this  would  follow ;  but  the  periodicity  is  far  from  perfect 
either  as  regard^,  tbe^i^ve-focq^  or.tti^  timtt  ;*  an4  th^  overtones  Aire  not  com- 
men^nirabt^  Fojfi^er's  theo^e^m  inipUes  that  the  components  Jbave.  constant 
ainpUtudes ;  but  t^e  ouryes  obtained  can  be  built  up  from  .wanqig  osoUiations 
periodically  ^ene^ved..  Further,  in  ytsing  Foui^er's  theorem  we  assume  that 
the  reproduction,  by  a  membrane^&  trustworthy,,  which.is  npt  the  casp  except 
.^yrbe^e  the  j^iaOiir^ilpfjrjo^pf  the  n3y?n^bpfieJS(,muchLhjgtM3e,tb2wi.the  highest 
overtpne.  ip,  the  note  to  berpoprdecj..  .(Besearcbes  by  J.fB.  .flowers  [Abs.  791 
(1916)],  the,  wi^spe^ng:  ypic^,JE?fips.(Ani>,.der  P^y^ik,  10.  p.  ,198*  19^^, 
interference  methq^.wit^tttmembjC^e),  Gu  and  C.  Laudet{Ab)S«10^  (1908)], 
W.  E.  Peters  (Int  Zenti:albt  f.  exp.  Phonetik,  28.  p.  129, 1^18),.  Benjamin 
(Arch,  f .  d.  ges.  PhysioL,  X54.p.  515, 1918,  and  155.  p.  43^  1914^,  a^d Zw^ar^e- 
maker  (Int.  ZentralbL  f.  exp.  Phonetik,  24.  p.  158,  1914)  are  described  and 
criticised.  On  the  theory  of  waning  oscillations  periodically  renewed, 
developed  by  Scripture,  and  especially  by  ter  Kuile  (Arch,  f .  d.  ges.  Physiol., 
1918),  to  each  pulsation  of  the  pitch  of  the  voice  there  corresponds  a  certain 
range  of  more  rapid  waning  oscillations,  simple  (vowel  a)  or  complex, 
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characteristic  of  the  voweL  The  author's  experiments  confirm  this  point  of 
view.  As  rounds  resonance  m  the  mouth-cavity  v^e  have  to  disttngui^ 
between  this  and  the  overtones  contained  in  the  volvel-sounds.  Artificial 
vowel-soonds  can  generally  be  made  up  of  a  fundamental  tone  and  a  small 
number  of  overtones ;  but  the  natural  vowel  sounds  generally  contain  a  con- 
siderably greater  number  of  overtones.  The  author's  electromagnetic 
pendular  alternator  gives  different  artificial  vowd-sounds  aecording  to,  the 
number  and  arrangement  of  the  thin  iron  teeth  which  swing  past  an  electro- 
magnet. In. a  vowel-sound  the  predominant  overtone  depends  on  the  pitdi 
of  the  voice ;  but  no  Clear  law  can  be  formulated.  The  phases  of  the 
respective  waning  overtones  play  an  important  part  in  modifying  the 
resultant  wave^form ;  and  this  afiEects  the  conclusions  dedudble :  fktun 
the  application  of  Fourier's  theorem  or  of  Hermann's  method  (the  position 
of  the  barocentre  of  the  predominant  overtone).  These  differences  of  phase 
are  related  to  dialect,  state  of  health,  and  individual  peculiarities  of  voioe. 
We  have  therefore  a  complete  spectrum  of  wave-forms,  shading  into  one 
another,  but  recognisable  in  different  regions  as  the  different  vowel-sOunds. 
Further,  as  the  eye  can  recognise  very  varying  mixtures  of  colour  as  giving 
rise  to  the  same  colour  sensation,  or  can  recognise  the  same  words  in  hand- 
writing or  print  differing  pretty  widely,  so.  the  ear  recognises  differently  com- 
pounded vowel-sounds  as  being  the  same  under  v!arying  /nndr^  expression,  or 
dialect  This  resolutive  power  of  the  ear  prevents  us  from  formulatjng  any 
simple  and  definite  law.  A.  D. 

1062.  "Wolf-note"  of  Violin  and  'Cello.  C.  V.  Raman.  (Nature,  97. 
pp«  8({8-dM,  June  20,  ldldk}-rlt.  has  long  been  known  .that  in  all  Insfirmitents 
of  the  violin  family  there  is  n  particular,  note  which;  is  more.  d^EiCUlt  to  .excite 
in  a  satisfactory  manner,  and  that  when  this  '' wolf*note,"  as  ift  is  called,  is 
souncled,  the  whole  bodyiof  the  instrument  vibrates  in.  an  nnuaual  degree, 
and  it  seems  to  have  been  also  understood,  that  the  difficulty  of  elicttiagra 
smooth  note  of  this  particular  pitch  is  due  in  some  way  to  the  ^nnpatfaetic 
.resonance  of  the  instrument.    In  a  recent  paper  [see  Abs.  1084  (1916)],  G.  W. 

White  gave  experimental  work  coi^firming  this  view  and .  suggested  an 
explanation.  The  present  author  gives  a  different  explanation  and  confirms 
it  experimentally.  The  effect  depends  on  the  fact  that  when  the  pressure  of 
the  bow  is  less  than  a  certain  critical  value  proportionate  to  the  rate  of 
dissipation  of  energy  from  the  string,  the  principal  mode  of  the  string's 
vibration^  in  which  the  fundamental  is  dominant,  is  incapable  of  being  main- 
tained and  passes  over  into  one  in  which  the  octave  is  prominent  When 
the  bow  sets  the  string  in  vibration  the  instrument  is  strongly  excited  by 
sjrmpathctic  resonance,  and  the  rate  of  dissipation  of  energy  increases  beyond 
the  limit  up  to  which  the  bow  can  maintain  the  fundamental  pre-eminent, 
the.^tring^s  vibiation  accordingly  changes,  to  that  in  which  the  fundamental 
is  feeble.  Then  the  amplitude  of  the  belly's  vibratton.  decreases  thou^ 
lagging  considerably  behind.  The  cycle  is  then  repeated  indefinitely. 
These  views  are  confirmed  by  a  photographic  record  of  simultaneous 
vibrations  of  string  and  belly.  E-  H»  B. 

1063.  Aerial  Waves  generated  by  Impact.  S.  Banerji.  (Phil.  Mag.  82. 
pp.  9f^lll,  July,  1916.}— The  intensity  of  the  sound  generated  by  the  collision 
of  two  solid  spheres  varies  very  greatly  in  different  directions  relative  to  the 
line  of  impact,  and  the  character  of  the  sound  shows  a  similar  pronounced 
variation*  This  observation  was  first  made  with  the  unaided  ear  and  com- 
municated to  the  author  by  C.  V.  Raman,  and  the  present  work  was  under- 
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taken  at  hU  suggestion  to  investigate  this  effect  in  detail,  both  theoretically 
and  experimentally.  A  new  type  of  apparatus  [which  might  be  called  a 
ballistic  fhomomeier]  in  which  the  ballistic  principle  is  utilised  has  been  used 
to  investigate  the  intensity  of  the  sound  in  different  directions.  The  results 
show  a  max.  intensity  in  the  line  of  the  collision,  practically  zero  intensity  on 
the  surface  of  the  cone  of  semi«vertical  angle  tVt  and  a  second,  but  feeble, 
maximum  in  the  plane  perpendicular  to  the  line  of  impact.  These  results 
combined  with  the  indications  of  theory  and  further  observations  on  the 
character,  of  the  sound-wave  show  that,  practically  speaking,  it  is  produced 
entirely  by  the  accelerated  motion  of  the  spheres  during  impact  The  law 
of  variation  of  the  intensity  of  the  sound  with  the  velocity  of  impact  and  the 
radius  of  the  balls  has  also  been  found  and  tested  experimentally.  It  is  hoped 
to  carry  out  further  work  on  the  subject,  particularly  in  the  matter  of  getting 
direct  records  of  the  character  of  the  sound -wave  and  observing  the  effects 
of  oblique  impact  and  the  impact  of  spheres  of  unequal  diameters. 

The  ballistic  apparatus  devised  and  employed  consists  of  a  small  mirror 
attached  to  a  pivotod  axle  whose  movement  is  controlled  by  a  fine  spring. 
In  practice  the  balance-wheel  and  hair-spring  of  a  watch  proved  very  satis- 
factory, the  mirror  being  attached  radially  to  the  wheel  with  a  little  cement. 
The  sound  was  received  by  a  horn  over  the  tubular  end  of  which  a  mica  disc 
was  fixed.  A  sharp  metsil  pointer  was  fixed  normally  to  the  centre  of  the 
disc  and  its  end  lightly. touched  the  pivoted  mirror  but  was  not  connected  to 
it    The  "  throw  "  is  read  by  the  motion  of  a  spot  of  light  on  a  distant  scale. 

E.  U.  B. 

1064.  Associated  Motion  of  Small  Bodies  in  Sound-waves.  W.  Rdnig 
(Ann.  d.  Physik,  40.  6.  pp.  M8-652,  May  6, 1916.)— E.  P.  Lewis  and  L.  P. 
Parris  recently  gave  a  method  for  determining  the  amplitude  of  sound-waves 
in  air  by  noting  the  sine  graphs  desoibed  by  falling  lycopodinm  [Ph3rs. 
Rev.  6.  pp.  491--498,  1916].  The  present  author  examines  the  case  and 
deduces  formulae  giving  rather  different  results  from  those  derived  by  the 
experimenters.  E.  H.  B. 

1066.  Path  of  Sound  Rays  in  Air  under  Influence  of  Temperature.  V.  Kotn- 
merell.  (Phys.  Zeits.  17.  pp.  172-176,  May  1, 1916.)— A  theoretical  paper 
reaching  the  following  results  :— If  the  temperature  changes  uniformly  with 
height,  the  sound  rays  describe  a  cycloid  convex  downward  if,  as  is  usual, 
temperature  falls  with  increasing  height ;  but  convex  upward  if  the  tempera- 
ture increases  with  height.  All  these  cycloids  may  be  described  by  circles 
rolling  on  the  horizontal  line  for  which  the  temperature  would  be  the  absolute 
zero.  Application  of  these  principles  to  the  zone  of  silences  observed  round 
sources  of  intense  explosions  are  then  discussed.  E.  H.  B. 

1066.  Propagation  of  Sound  over  Great  Distances.  G*  Bigourdan. 
(Comptes  Rendus,  162.  pp.  928-980,  June  19,  1916.)— In  order  to  clear  up 
the  causes  of  the  occurrence  of  a  zone  of  silence  succeeded  by  a  second 
audible  region  in  the  case  of  violent  exploaon  the  author  here  suggests  a 
standard  form  of  recording  observations  that  any  one  favourably  atuated 
might  make  in  the  near  future.  E.  U.  B. 

1067.  Propagation  of  Sound  to  Great  Distances,  G.  Bigourdan. 
(Comptes  Rendus,  162.  pp.  965-966,  June  26,  1916.)— Gives  further  hints 
to  observers  of  sounds  heard,  asking  them  to  note  the  explosion  of  gun-firing, 
the  sound  of  the  shells  in  the  air,  the  explosion  of  shells  at  great  heights  and 
at  the  end  of  its  trajectory,  also  the  explosion  of  mines.    [See  preceding 
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THEORY.  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

1058.  End  Effect  in  the  Eledrosiriction  of  Cylindrical  Condensers.  £.  C. 
Kemble.  (Phjrs.  Rev.  7.  pp.  614-624,  June,  1916.)— There  are  two  methods 
of  computing  the  deformations  of  bodies  due  to  the  action  of  electrostatic 
fields*  One  method  substitutes  the  expressions  for  the  ponderomotive  body 
and  surface  forces  derived  in  the  general  theory  of  electrostriction  into  the 
equations  of  elastic  equilibrium  and  attempts  to  solve  those  equations  subject 
to  suitable  boundary  conditions.  This  will  be  called  the  "  Elasticity"  method. 
The  second  method,  whicb  is  essentially  an  energy  method,  makes  no  use  of 
the  general  thecnry,  but  refers  each  particular  problem  back  to  fundamental 
principles.  It  assumes  that  the  electrical  and  elastic  state  of  the  body  can 
be  defined  with  sufficient  exactness  by  means  of  a  finite  number  of  co- 
ordinates. For  example,  in  the  problem  of  the  elongation  of  a  charged 
cylindrical  condenser,  the  coordinates  chosen  are  the  p.d.  between  the 
coatings  and  a  longitudinal  traction  to  which  the  cylinder  is  supposed 
subjected.  Hitherto  the  application  of  these  two  methods  to  the  problem 
of  the  elongation  of  a  charged  cylindrical  condenser  has  led  to  contradictory 
formulae.  Sacerdote  [Abs.  1819  (1901)],  using  the  energy  method,  derived 
a  formula  for  the  elongation  of  a  condenser  with  adherent  coatings  in  1899 
and  one  for  the  elongation  of  a  condenser  with  non-adherent  coatings  in 
1901.  The  first  of  these  formulae  did  not  seem  to  be  in  accord  with  the 
experimental  results  of  More  and  of  Shearer.  These  experimenters  found 
no  elongation  that  could  not  be  accounted  for  as  the  result  of  unavoidable 
heating,  although  the  sensitiveness  of  their  apparatus  seemed  sufficient  to 
detect  elongations  of  the  order  predicted  by  the  Sacerdote  formula.  Adams 
[Abs.  528  (1912)],  using  the  "elasticity"  method,  obtained  formulae  which 
differed  from  those  of  Sacerdote  and  seemed  to  be  in  better  accord  with  the 
experimental  work.  The  author's  paper  proposes  to  show  that  the  formulae 
derived  by  the  two  di£Ferent  methods  may  be  brought  into  agreement  if  the 
action  of  certain  longitudinal  forces  due  to  the  electric  field  in  the  neigh- 
bourhood of  the  ends  of  the  armature  coatings  be  taken  into  account ;  he 
also  shows  that  the  negative  results  of  More  and  of  Shearer  are  not  to  be 
interpreted  as  a  proof  that  there  is  no  such  thing  as  electrostriction.       I.  W. 

1060.  Mechanical  Relations  of  Dielectric  and  Magnetic  Polarisation.  G.  H. 
Livens.  (Phil.  Mag.  82.  pp.  162-171,  July,  1916.)— There  still  appears  to  be 
some  uncertainty  as  to  the  exact  expression  for  the  mechanical  forcive  of 
electric  or  magnetic  origin  acting  on  the  elements  of  a  polarisable  medium 
in  an  exciting  field  of  force,  and  as  to  the  consequent  reduction  of  this 
forcive  to  its  representation  by  means  of  an  applied  stress  S3rstem.  The 
expression  for  the  forcive  on  the  polarised  medium,  obtained  by  the  methods 
of  Helmholtz,  Kirchhoff,  Hertz,  and  others  is  inconsistent  with  that  obtained 
by  Maxwell  on  his  simpler  form  of  the  theory.  The  discrepancy  is  regarded 
by  some  authors  as  due  to  incompleteness  in  Maxwell's  formulation,  but 
Larmor  has  shown  that,  at  least  in  the  simplest  case  of  isotropic  media,  it  is 
due  mainly  to  fundamental  errors  both  in  the  physical  assumptions  on  which 
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the  energy  method  is  based  and  also  in  the  analytical  processes  by  which 
that  method  is  developed.  This  criticism  appears,  however,  to  have  been 
entirely  overlooked  and  the  energy  method  is  still  very  generally  reproduced 
and  it  has  subsequently  been  further  developed  and  extended  by  Cohn,  Gans, 
Sano,  and  others.  For  these  reasons- the  author<  exftminesia  closer  detail  the 
criticism  of  Larmor,  applying  it  to  the  more  general  case  when  the  law  of 
induction  is  no  longer  linear  or  isotropic,  but  with  the  view  rather  to 
emphasising  the  underlying  physical  principles  than  of  adding  anything 
original  to  the  criticism  itself*  The  discus^n  is  confined  ^entir^  to  the 
case  of  dielectric  media.  The  author  holds  that  the  theory  vi '  electric  sti^dess 
formulated  by  Helmholt?>  Hertz,  Cohn,  tod  others  is  fundamentally  at  fatdt. 
In  its  correct  analytical  form  it  involves  physical  assumptioiia  which  have 
been  long  regarded  as  wholly  untenable,  brides  leadSng,  to  an  impossiUe 
type  of  dielectric  body  fordve.  Maxwell's  original  and  simple  theory  is  ihe 
only  one  that  has  really  proved  to  be  consistent  with  all  the  facts,  among 
which  must  be  included  those  fundamental  ones  ooncerok^  tiie  dectrb- 
dynamical  properties  of  nK>ving  dielectric  media,  which  necessitated  in  the 
first  instance  the  introduction  of  the  electron  theory  in  its  maiil  a^>ects. 

I.W. 

1060.  Some  Mechanical  Analogies  in  Electricity  and  Magnetism,  W.  ^. 
Franklin*  (Gen.  EL  Rev.  19,  pp.  264-271,  Aprils  1916.  Electrician,  77. 
pp.  556-559,  July  28, 1916.) — The  phenomena  dealt  with  in  the  anal<^es  are 
the  following : — Functions  of  the  choke  coil  in  the  lightning  arrester.  Analogue 
of  leading  wattless  current  in  a  condenser.  Analogue  of.  lagging  wattless 
curr^t  in  an  inductive  circuits  Inductance  and  capacity,  in  series..  The 
transformer.  Loose  and  close. coupling..  The  electric. doublet.  Electmciiy 
or  energy :  which  ?  .     X^  H*  W. 

1061.  ^fect  of  Jhe  Induced  Charge  on  tke  Ebert  Electrometer  ai  Kew 
Observatory.  E.  H.  Nichols.  (Terr^st  Magn*  21.  pp.'87-99,  June,JL9i64:r- 
A  positive  electric  field  surrounding  any  earthed  ly>dy  placed  abav^.the 
ground  induces  a  negative  charge  on  the  body,  and  aiccordiu^  to  Siwann  the 
e£Fect  of  the  normal  positive  electric  field  s^bove  the  ground,  on  an  Ebert 

.  electrometer  decreases  the  measured  ionic  density  of  the  negative,  ions,  th^t 
of  the  positive  ions  remaining .  unaSected,  Expeiriments  were  made  at  Kew 
Observatory  to  investigate  the. matter,  because,  according  tp  Swann's  results, 
the  errors  in  measurements  made  with  the  apparatus  would  become  vevy 
large  when  the  potential  is  high,  as  sometime  occurs  in  winter.  ... 

The  results  of  the.  investigations  described  throw  doubt  upon  the  con- 
clusions of  Swann,  and  suggest  that  when  the  apparatus  is  used  as  designed 
by  the  inventor  the  measurements  made  ^e  practical^. unafi^^cted  l|y  the 
induced  negative  charge^  excepjt  possibfyi  in  ctalm  weather  or  when  potential 
is  very  high,  ,      R.Q. 


DISCHARGE  AND  OSCILLATIONS. 

1062.  Conditions  of  Einiision  cf  Photoelectric  Currents.  W;  Oardtier. 
(Phys.  Rev.  8.  pp.  7<M8,  July,  1916.) — ^The  photb<electrons  emerge  from  a 
finite  thickness  of  metal,  and  present  a  similar  base  to*  that  of  efoission  f rom 
thick  films  of  radio-active  matter.  The  author  makes  a  new  determination  of 
the  angular  distribution  of  the  photoelectric  current  from  a  smaH  Bat  metnl 
plate,  with  viirying  thickness  of  the  -effecdve  substance,  in  order  to <;tear  up 
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the  discrepanoies  in  the  results  of  Lenard  (1903),  Hughes  (1908),  and  Robin- 
son (1910).  A  small  silver  plate,  connected  with  the  negative  terminal  of  a 
battery  of  cells  (890  volts),  was  introduced  tiirough  a  ground-^glass  joint 
at  one  end  of  a  small  metallic  cylinder,  through  the  other  end  of  which  was 
introduced  a  stnall  electrode  or  "  feeler  "  connected  with  a  Wilson  tiked-leaf 
electrosoope,:  the  "feeler"  being  capable  of  revolving  about  the  silver  plate 
at  a  distance  of  4  cm.  light  from  a  mercury  arc  fell  normally  upon  the  stiver 
plate,  and  the  current  received  by  the  feeler  was  measured  by  the  rate  of  fall 
of  the  electroscope  leafr  In  studyii^  thin  films  the  latter  were  deposited 
upon  quartx  by  kathode  disintegration.  The  pressure  in  the  cylinder  ranged 
^rom.0'1  to  0*001  mm.  Hg. .  In  working  out  the.  theory,  the  author  assumes  an 
equal  emission  in  all  directions  from  the  nK)Jieoule,  a  logarithmic. absorption  of 
electrons  and  of  light,  and  a  proportionality  between  the  number  of  electrons 
eniitted  by  the  volume  element  and  the  intensity  of  Hght  within  the  volume, 
as  well  as  the  volume  itself.  These  assumptions  lead  to  equations  which 
show  that  the  intensity  of  the  photoelectric  current  increases  faster  with  the 
film  thickness  at  small  valnes  of  the  angle  of  emergence.  In  the  thinnest 
films  used  a  lack  of  symmetry  in  "  incident "  and  "  emergent "  efiFects  was  not 
observed*  The  curves  show  a  general  qualitative  agreement  with  the  equa- 
tions, which  is  all  that  could  be  expected^  since  the  film  thickness  and  absorp- 
tion constants  were  unknown*  E.  E.  F. 

1063.  Phoiodeciric  Action  of  Cupric  Oxide  T.  W.  Case*  (New  York 
Pe9tr.  Soc.  Paper  r(^d  at  Annual  Meeting  [12  pp.],  June  14, 1916u)r-When 
a  plate  of  clean  copper  and  another  copper  plate,  oxidised  in  a  flame,  are  used 
^  electro<V^  in  a  dilute  solution  of,  Na/pi^  a  cunrei;it  flows  from  the  oxidised 
pU|te  to  the  clean  plate  if  /the  former  is  illpmi^ted.  A  plate,  8  in.  by  4  iqu, 
gives  O'l  voh  and  a  steady  current  of  about  i  milliamp.  in  atroqg  sunli^t 
The  back  of  the  oxidised,  plate  should  be  enamelled  to  prevent  local  action. 
A  t^ge  plate,  S12  in.  by.  39  in.»  gave  0*2  amp.  a^d  O'02  watt  ^hen  it  received 
sol^  eiM^gy  amoooting  to  280  watts.  This  is  an  efficii^ncy  of  .0*007  %•  Ttie 
amount  of  energy  obtainable  from  sunlight  through .  the  medium  of  a  horse 
fed  on  grass  is  80  cals«  per  cm.'  per  year.  The  mean  solar  energy  received  is 
890,000  cals.  per  cul*  per  year.  This  represents  an  efi^ciency  of  0*0077  %, 
which  is  nearly  the  same  as  that  of  the  copper  oxide  cell.  £.  E*  F. 

1064.  Variation  of  Mass  with  Velocity  of  Kathode  Rays,  L.  T.  Jones. 
(Phys.  Rev.  8.  pp.  62-65,  July,  1916.)— The  method  of  investigation  of  the 
variation  of  mass  with  velocity  here  described  does  not,  like  the  methods  of 
earlier  investigators,  necessitate  a  homogeneous  kathode  beam.  Each  photo- 
graph gives  a  trace  of  all  velocities  present  and  makes  possible  a  verification 
of  the  law  from  a  single  photograph.  The  kathode  beam  never  leaves  the 
region  between  the  electrostatic  plates,  and  hence  the  uncertain  field  distri- 
bution at  (he  ends  of  the  plates  is  avoided.  Rays  of  velocity  a  little  greater 
than  any  previously  used  were  employed,  and  the  results  obtained,  which  are 
illustrated  graphically,  favour  the  IxH-entz-Einstein  rather  than  the  Abraham 
formula.  A  full  description  of  the  apparatus  and  method  of  operation  is 
given,  and  a  number  of  photographs  are  reproduced.  [See  also  Abs.  1507 
(1914).]  '  A.VCr. 

1066.  iHiiialCondiUan  of  Ike  Corona  Discharge.    J.  Kuq2.    (Pfiys.  Rev.  8. 

pp.  28-^7,  July>  1916.)— In  the  majority  of  investigations  of  the  ^w  discharge 

of  electricity  from  wires  at  high  potentials  alternating  current  has  t>een  used, 

:and  very  definite  empirical  resi^  have  been  obtained.    A  few  researches 

VOL.  XIX.— A.— 1916.  ^  T 

Digitized  by  VjOOQ IC 


404  SCIENCE  ABSTRACTS. 

have  been  carried  out  on  the  direct  corooa,  and  Parwell  [Abs.  1166b  (1914)] 
has  shown  that  the  phenomena  are  far  more  complicated  than  in  the  case  of 
alternating  potentials.  The  present  paper  gives  a  description  of  the  numeroos 
phenomena  connected  with  direct-current  corona.  The  difference  between 
positive  and  negative  electricity  appears  in  eJectrical,  optical^  mechanical 
and,  probably,  chemical  effects.  For  very  small  wires  the  negative  glow 
appears  before  the  positive,  for  larger  sizes  the  positive  glow  appears  before 
the  negative.  The  boundary  between  the  two  regions  is  a  diam.  of  about 
0*076  mm.  The  positive  corona  in  air  forms  a  very  even  uniform  layer  of 
light  of  practically  constant  thickness.  The  negative  corona,  on  the  other 
hand,  starts  also  in  a  uniform  layer  of  red  light,  but  very  quickly  breaks  up 
into  bright  beads,  separated  from  each  other  by  dark  intervals.  This  dif- 
ference between  positive  and  negative  polarity  is  very  conspicuous  at  lower 
pressures.  Experiments  appear  to  show  that  the  beads  on  smooth  wire  are 
an  intrinsic  phenomenon  of  the  negative  discharge.  A  new  attempt  at  an 
explanation  of  some  of  the  relations  disclosed  by  the  experiments  has  been 
made.  Relations  t>etween  the  critical  electric  force  at  the  surface  of  the  vnre, 
the  pressure  of  the  air,  and  the  radius  of  the  wire  have  been  obtained.  The 
constants  in  these  relations  are  different  for  the  positive  and  the  negative 
wire.  The  principle  of  the  conservation  of  energy  has  been  applied  to  the 
ionisation  pressure,  and  it  is  predicted  that  over  a  certain  range  the  current 
should  be  directly  proportional  to  the  pressure-increase.  Experimental 
results  in  verification  of  this  prediction  will  shortly  be  published.  [See  also 
Abs.  1716  (1918).]  A.W. 

1066.  The  Mechanism  of  Radiation  and  Propagation  in  Radio  Communica- 
tion. F.  Lowenstein.  (Inst  Radio  Eng.,  Proc  4.  pp.  271-280 ;  Disc.,  881, 
June,  1916.  El.  World,  68.  pp.  879-880,  Aug.  19,  1916.  Absfa:act.>--The 
intensity  of  the  electric  field  at  a  distance  from  a  statically  charged  antenna 
is  calculated  from  elementary  considerations.  The  same  quantity  is  derived 
for  the  case  in  which  the  charge  is  oscillating  at  a 'radio  frequency.  It  is 
shown  that  the  total  charges  acting  on  the  receiver  in  the  two  cases  have 
a  ratio  equal  to  the  square  of  the  ratio  of  the  transmitting  distance  to  a 
certain  part  of  the  wave-length  ;  and  hence  the  great  advantage  of  the  radio- 
frequency  transmission. 

The  theories  of  Edison,  Tesla,  and  Sonimerfeld  are  historically  considered. 
It  is  shown  that  there  is  no  physical  justification  for  the  separation  of  the 
wave  into  surface  and  space  waves.  The  electric  and  magnetic  intensities  at 
various  distances  from  the  antenna  are  calculated,  and  it  is  shown  that  they 
become  practically  equal  at  a  wave-length  away.  The  author  prefers  to 
regard  radio  transmission  as  due  to  conducted  radio-frequency  earth  currents 
rather  than  modified  Hertzian  oscillator  waves.  The  three  distinct  portions 
of  the  atmosphere :  the  troposphere,  the  stratosphere,  and  the  coroniuiti 
layer,  are  described,  and  their  effect  on  radio  transmission  considered. 

Author. 

1067.  Electromagnetic  Waves  in  Coils  with  Distributed  Capacity.  M.  Sieg- 
bahn.  (Archiv  f.  Elektrot.  4.  No.  10.  pp.  805-818,  1916.)~The  production 
of  electromagnetic  waves  in  coils  with  distributed  capacity  has  recently  been 
discussed  by  K.  W.  Wagner  [Abs.  659b  (1915)].  The  problem  is  now  treated 
with  the  aid  of  a  general  mathematical  method  due  to  Heaviside  both  for  coils 
that  are  earthed  at  one  end  and  for  open  coils.  The  results  in  the  first  case 
are  found  to  agree  with  the  expressions  given  by  Wagner.    Both  this  and 
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the  second  case  lead  to  expressions  for  the  potential  showing  that  it  is  com* 
posed  of  series  of  oscillations  of  different  frequencies.  These  expressions 
enable  the  time-variation  of  the  potential  and  its  H>ace-distribotion  along  the 
coils  to  be  calculated.  The  arithmetical  work  is  carried  out  in  a  special  case 
and  both  the  above-mentioned  relations  are  plotted  in  curves.  The  relative 
frequencies  of  the  first  six  harmonics  are  worked  out  for  coils  of  different 
constants,  and  one  set  of  constants  is  found  to  give  a  series  of  frequencies  in 
very  good  agreement  with  an  experimental  series  published  by  J.  A.  Fleming 
[Abs.  3688  (1004)].  A.  J.  M. 

ELECTRICAL   PROPERTIES  AND  INSTRUMENTS. 

1068.  Thomson-effect  in  Incandescent  Wires.  W.  Kdnig.  (Phys.  Zeits. 
17.  pp.  327'-288,  June  1,  1916.) — K5nig  has  previously  shown  how  the 
Thomson-effect  may  be  demonstrated  in  a  Pt-wire  bent  into  U-shape  with 
the  bend  immersed  in  water  [Abs.  d72(1911)].  When  a  current  is  passed 
down  one  limb  and  up  the  other  the  extent  of  the  glow  differs  in  the  two 
limbs.  The  effect  reverses  with  the  current,  and  is  due  to  the  Thomson- 
effect.  When  mercury  is  employed  as  the  cooling  agent  or  the  limbs  are 
fixed  into  a  block  of  some  other  metal  the  Peltier-effect  at  the  metal  junctions 
will  influence  the  extent  of  the  glow.  In  the  first  part  of  the  present  paper 
the  author  investigates  theoretically  the  relative  influence  of  Peltier-  and 
Thomson-effects  on  the  temperature  distribution  when  an  electric  current 
passes  along  a  vertical  wire  fixed  at  its  lower  end  to  the  centre  of  a 
hemisphere  of  some  other  metal,  the  radius  of  the  hemisphere  being  large 
compared  with  the  radius  of  the  wire.  The  chief  conclusions  arrived  at 
are:— (1)  The  influence  of  the  Peltier-effect  diminishes  and  that  of  the 
Thomson-effect  increases  as  the  difference  between  the  max.  temperature  of 
the  wire  and  the  temperature  of  the  hemisphere  increases.  (2)  In  wires 
of  the  same  material,  but  of  varying  thickness,  when  the  current  is  adjusted 
so  that  the  same  max.  temperature  is  attained,  the  influence  of  the  Peltier- 
effect  diminishes  with  the  radius  of  the  wire  and  the  better  thermal  con- 
ductivity of  the  hemisphere. 

In  the  second  part  of  the  paper  the  author  describes  experiments  made  to 
determine  the  relative  influence  of  the  two  effects.  Two  Pt-wires,  15  cm. 
long  and  of  the  same  thickness  [1*5  mm.  and  2  mm.  respectively  in  two  series 
of  observations]  were  fixed  vertically  in  an  exhausted  glass  vesseL  They  were 
connected  at  the  top  by  a  copper  block,  and  the  lower  end  of  one  was  fixed 
into  an  iron  cylinder  and  the  other  into  a  nickel  cylinder.  These  cylinders 
were  connected  by  iron  and  nickel  wires  respectively  to  mercury  cups.  The 
current  traversed  in  succession  Fe,  Pt,  Cu,  Pt,  Ni,  and  the  direction  could 
be  reversed.  Fe  and  Ni  were  chosen  as  cooling  metals  because  their  Peltier- 
effects  with  Pt  are  of  opposite  sign.  The  relative  temperature  distribution 
along  the  wires  was  determined  by  an  optical  pyrometer  method.  Tables 
are  given  showing  the  distances  from  the  cooling  end,  of  points  at  the  same 
temperature  on  each  wire.  The  data  obtained  lead  the  author  to  the  conclusion 
that  in  these  experiments  the  Peltier-effect  has  little  influence.  L.  L. 

1060.  Determination  of  Thermoelectric  Power  by  Means  cf  a  D^erential 
Galvanometer.  C.  Benedicks.  (Comptes  Rendns,  162.  pp.  979-981,  June  26, 
1916.)— The  author  has  previously  studied  the  allotropy  of  metab  by  a 
thermoelectric  method  [Abs.  625  (1916)].  In  the  present  paper  he  describes 
a  suitable  experimental  arrangement  for  the  determination  of  the  thermo- 
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electric  power  oi  a  specimen  against  Pt  at  difi^«nt  temperatbres.  To  obtain 
a  difference  of  temperature  {dT)  between  two  points  of  the  specinien  it  is 
placod  in  a  furnace  consisting  of  a  thiclc-wall^d  copper  tube  wound  with 
a  heating  coil.  One  half  of  this  coil  Is  shuntek)  with  an  adjustikble  resistance, 
enabling  a  stationary  small  difference  of  temperature  to  be  established.  Pt- 
wires  attached  to  the  two  points  of  the  specimen  and  connected  to  a 
galvanometer  give  the  e.mi.  (dE).  To  measure  dT  between  the  two  points 
thermo-couples  are  employed  connected  to  a  <Merential  galvanometer.  The 
absolute  temperature  at  one  point  is  determined  by  a  third  thermo-couple. 

L.  L. 

1070.  Dietecinc  Constant '  cf  Mka  in  Intense  Fields,  H.  H.  Poole. 
(Phil  Mag.  82.  pp.  112-130,  July,  101(L)-^Iii  view  of  the  possible  analogy 
between  electric  polarisation  and  magnetisation,  it  seemed  not  unreasonable 
to  suppose  t^t  some  variation  in  the  dielectric  constant  of  a  dielectric  might 
be  observed  as  the  potential  gradient  approached  sparking  value.  In  this 
paper  an  account  is  given  of  experiments  to  test  the  .point  in  question.  No 
evidence  was  obtained  in  favour  of  a  theory  of  electric  polarisation  analogous 
to  the  molecular  theory  of  magnetism,  except  the  small  hysteresis  effect 
observed.  No  certain  variation  of  dielectric  constant  with  field  was  estab- 
lished even  with  the  most  intense  fields.  £.  H.  B. 

1071.  Change  in  Resistance  of  Sputtered  Film  after  Deposition.  E.  W. 
Hobbs.  (Phil.  Mag.  82.  pp.  141-158,  July,  1916.)— Thin  films  of  Pt  and  Pd 
were  produced  by  kathodic  sputtering,  and  measurements  were  made  in  situ 
of  the  changes  of  resistance  with  time  which  occur  when  the  film  is  left 
in  vacuo  and  in  various  gases  after  deposition.  It  was  found  that  when 
retained  in  vacuo  2l  film  "ages"  and  the  resistance  decreases  with  time  in  a 
manner  which  suggests  that  it  is  settling  down  under  the  action  of  surface 
tension  to  a  more  stable  state  [see  Abs.  124S  (1912)].  The  results  could  not  be 
combined  in  any  simple  expression  despite  all  efforts  to  control  the  physical 
conditions  during  and  after  deposition.  The  direct  effect  of  exposing  a  film 
to  a  gas  is  to  raise  its  resistance.  The  main  change,  rapid  at  first,  is  over  in 
a  few  minutes  after  the  admission  of  the  gas,  though  it  may  continue  slowly 
for  a  considerable  time.  It  appears  to  be  intimately  connected  with  the 
taking  up  of  gas  by  the  film.  In  some  cases  indirect  effects  supervene ; 
thus  a  film  of  Pd  deposited  in  air  at  low  pressure  and  subjected  to  hydrogen 
at  atmospheric  pressure  shows  an  initial  sharp  rise  followed  by  a  rapid  fall  in 
resistance  due  to  the  effect  on  the  film  of  the  Jieat  evolved  during  the 
absorption  of  hydrogen.  Heat  evolved  during  chemical  combination 
between  the  hydrogen  and  any  oxygen  already  present  in  the  film  has  an 
influence,  the  magnilude  of  which  depends  on  the  nature  and  the  past 
history  of  the  film.  I.  W. 

1072.  Verific4Uion  of  a  Third  Volta^ect  and  Experimental  Cot^rmaiion 
of  the  Given  Explanation.  £.  Sarattn  and  T.  Tommasina.  (Comples 
Kendiis>  162.  pp.  882-885,  May  20, 1916.)-*Previc^s  work  is  first  referred  to 
ior  experimental  details  [see  Abs.  604  (1916)]$  then  fellows  a  concise 
description  of  the  three  Volta-effects  and  how  to  produce  them.  Experi- 
mental proof  in  support  of  the  theoretical  explanation  is  next  given,- ahd  it  is 
shown  that  the  Volta  and  pile  effects,  whidh  both  mo£fy  the  condttWvity  of 
the  ionised  medium,  are  not  only  of  the  same  natture  but  also  of  the  ^me 
order  of  magnitude  from  the  standpoint  of  their  potential.  Errata  (Ilnd. 
1>.  892,  June  5, 1916).  H.  H.  Ho. 
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1073.  BaVisUc  Constants  G/Moving^oil  Galvanomeiers,  P.  E.  KlopBteg. 
(Phys.  Rev,  7.  pp.  688r489,  June,  1916.)— The  determination  of  tii& quantities 
involved  in  the  equation  K=  [T/2>/(ir»  +  X»)]i^^»**°~''/^,  which  reduces  to 
K  =  [T/Shr]  k^j(p)  when  X  is  small  compared  with  «-,  is  easily  accomplished. 
In  these  equations  K  ss  ballistic  constant,  ^  as  ratio  of  one  amptitude  to  the 
one  next  following,  T  ar  complete  period,  X  ^  log.  decrement ;  k  e  current 
constant,  i{d,  where  d  is  the  deflection  caused  by  a  current  f.  The  greater 
part  of  the  error  when  the  damping  is  small  occurs  in  the  -value  of  k ;  with 
string  damping,  large  errors  are  as  likely  to  occur  in  X  as  in  A.  The  above 
f ocHuilae  presuppose  ideal  cowfitions  as  to  uniformity  of  fleld  and  sjrmmetry 
of  pbsition  of  the  coil  with  respect  to  the  magnet.  The  author  shows  that 
these  conditions  are  far  from  being  realised  in  most  galvanometers.  Since, 
ordinarily,  the  field  is  not  uniform,  the  value  of  k  is  not  constant  but  depends 
on  the  angular  position  of  the  coiL  The  value  of  ^  to  be  used  in  the  first 
formula  above  is  the  value  which  depends  upon  the  averagd  field  intensity  at 
the  null  position  of  the  cciL  The  author  suggests  that  it  might  lead  to  greater 
siccuracy  if,  instead  of  producing  a  given  deflection  by  means  of  a  oameat,- 
a  deflection  were  to  be  produced  by  turning  the  torsion  head  from  which  tbe 
coil  ifr  suspended  through  a  certain  angle,  and  then  the  current  necessary  to 
bring  the  coil  back  to  its  null  position  determined.  The  coil  would  then  be 
in  the  position  in  the  field  which  it  occupies  at  the  moment  of  the  ballistic 
impulse.  Possible  sources  of  error  are  discussed ;  experiments  are  described 
in  which  these  sources  of  error  are  investigated  and  suggestions  are  made  for 
minimising  these'  errors.  Principally  the  errors  are  due  to  non-uniJFormity  of 
the  magnetic  field  and  to  insufficient  levelling  of  the  Instrument  •  The 
experimental  results  indicate  that  the  method  is  reliable  to  within  0*2  %.  It 
is  suggested  that  galvanometers  to  which  the  method  is  to  be  applied  should 
be  provided  with  a  tangent  screw  for  fine  adjustments  of  the  torsion  head. 

I.  W. 

. .  1074.  Correction  for  Thermoelectric  Current  in  Ballistic  Oalvanomeiers. 
P.  ^  BUopateg*  (Phys.  Rev*  7.  pp.  640-645,  June,  1916.)--<The  author 
discusses  a  coorection  to  be  applied  when  the  bidlisUc  constant  of  a  moving- 
coil  galvanometer  is  determined  by  the  condenser  method.  When  the 
cbbcbarge  to  be  measured  takes  place  in  the  closed  galranometer  circuity 
the  constant  should  be  determined  under  similar .  conditions,  because  of 
the.  dependence  of  the  ballistic,  throw  upon  damping.  When  using  a 
Standard  condenser  for  obtaining  the  constant  on  closed  circuit  it  is  neces- 
sary, immediately  after  the  condenser  has  been  discharged,  to  connect  the 
galvanometer  through  a  resistance  such  that  the  total  resistance  is  the  same 
as  it  is  to  be  in  the  circuit  with  which  the  measurements  are  to  be  made. 
Upon  changing  from  open  to  closed  circuit  a  thermoelectric  current  may  be 
produced.  The  time  of  reaching  the  max.  elongation  from  the  null  point  is 
not  the  same  in  the  case  of  a  current  of  very  short  duration  as  in  the  case  of 
a  deflection  due  to  a  steadily  impressed  e.m.f*  Were  these  time  intervals 
alike,  the  correction  could  be  made  by  algebraic  addition  of  the  maxima. 
Tbe  relation  between  them  depends  upon  the  amount  of  damping  in  the 
circuit,  and  is  therefore  difEerent  for  different  values  of  the  log.  decrement. 
Zeleny  [Abs.  2082  (1906)]  has  given  an  experimental  curve  for  correcting  the 
observed  throw  and  obtaining  from  it  the  magnitude  of  the  throw  which 
would  have  resulted  had  there  been  no  thermo-e.m.f.  in  the  circuit  The 
authqr  deduces  a  theoretical  relation  by  means  of  which  the  correction  may 
he  made  and  compares  his  method  of  correction  with  that  of  Zeleny,  There 
is  good  agreement  between  the  theoretical  and  experimieptal  curves.    , 
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1076.  Enclosed  TungsUn  Arc  for  Uliro'Violcl  Light.  B.  H.  Morphy  and 
S.  R.  Mullard.  (Rontgen  Soc.,  J.  13.  pp.  70-72 ;  Disc.,  73-74,  July,  1916.)— 
Describes,  with  spectrograms,  a  ''  Pointolite "  lamp  in  quartz  with  solid 
tungsten  dectrodes.  The  chief  feature  of  the  lamp  is  the  way  in  which 
the  initial  striking  of  the  arc  is  e£Eected.  A  filament,  which  also  forms  a 
negative  electrode,  is  heated  by  a  shunt  circuit,  which  is  closed  temporarily 
when  the  lamp  is  switched  on.  The  ionisation  which  takes  place  allows  a 
current  to  pass  to  the  tungsten  globule  which  forms  the  other  electrode. 
This  starts  the  arc,  which  can  then  be  maintained  indefinitely  [see  also 
Abs.  07b  (1916)].  Running  the  lamp  at  a  higher  current  than  would  be 
used  for  ordinary  lighting  work  increases  considerably  the  amount  of  ultra- 
violet light  given  out.  When  used  even  at  double  its  normal  candle-power, 
a  life  of  at  least  900  hours  may  be  reasonably  expected.  When  the  arc 
current  is  about  4  amps,  the  output  of  ultra-violet  light  is  of  the  same  order 
as  from  the  open  tungsten  arc.  In  the  discussion,  Wilson  suggested  an  arc 
enclosed  in  a  quartz  cylinder,  the  electrodes  being  cored  carbons  containing 
calcium  tungstate  or  other  core  of  high  atomic  weight  Schuock  suggested 
carbon  electrodes  impregnated  with  uranium  nitrate  and  ammonium  molyb- 
date,  which  are  used  with  the  spark  in  photographing  absorption  spectra  in 
the  ultra-violet  region  and  which  give  a  spectrum  of  lines  so  nomerous  and 
dose  together  that,  with  a  slightly  widened  slit,  an  almost  continuous  spectrum 
is  obtained.  A.  W. 

1076.  Practical  Installation  cf  th^  Double  Combination  Potentiometer. 
M.  Randall,  F.  R.  v.  Bichowsky,  W.  H.  Rodebush.  (Am. 
Chem.  Soc.,  J.  Sa  pp.  1266-1270,  July,  1916.)  — The  paper  describes 
the  various  precautions  taken  in  the  installation  of  a  potentiometer  for 
thermoelectric  work  with  a  view  to  the  elimination  of  parasitic  thermo* 
electric  effects  and  leakage.  By  the  elimination  of  all  metal  except  copper 
in  the  external  circuits  and  enclosing  the  instrument,  parasitic  thermal  e.mi.'s 
were  reduced  to  less  than  0*01  microvolt.  The  galvanometer  was  enclosed 
in  a  heavy  sheet-copper  box  connected  to  the  tin  lining  of  the  case  containing 
the  switches,  rheostats,  etc.,  thus  forming  a  shielding  system.  All  connections 
from  the  switches  to  the  potentiometer  were  led  through  paraffid-filled  glass 
tubes.  The  paraffin  was  boiled  before  using,  then  cast  in  thin  layers,  each 
of  which  was  allowed  to  harden  before  a  successive  one  was  applied. 

A  Hulett  standard  battery  was  used  as  the  primary  source  of  e.nti.  in 
place  of  the  lead  storage  cell,  owing  to  the  high  temperature  coefficient  and 
variations  of  the  e.m.f.  of  the  latter.  This  necessitated  a  chan^  in  the 
auxiliary  resistances,  as  the  e.m.f.  of  the  Hulett  cell  is  only  slightly  greater 
than  that  of  the  standard  cadmium  cell.  E.  G. 


ALTERNATING  CURRENTS  AND  MAGNETISM. 

1077.  Some  Properties  of  Annealed  Steel.  T.  Matsuda.  (Tohoku  Univ., 
Sci.  Reports,  6.  pp.  121-126,  May,  1916.)--Carbon  steel  wires  made  in  Tokyo 
were  tested  as  regards  their  mechanical  properties,  solubility  in  add,  micro- 
scopical structure,  electric  resistance,  and  magnetic  property.  The  steel  was 
cold  drawn  and  then  annealed  at  various  temperatures.  Its  tensile  strength 
was  maximum  for  an  annealing  temperature  of  20(^  C.  ,*  for  this  temperature 
the  rigidity  is  a  minimum.  The  solubility  was  found  to  be  practically  constant 
up  to  600^  C.  (annealing  temp.)  and  to  decrease  thereafter ;  up  to  40(f  C.  no 
appreciable  change  in  the  microscopical  structure  was  observed.  Above 
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200°  a  slight  decrease  of  resistance  by  annealing  began  to  take  place.  The 
results  of  magnetic  observations  show  that  the  change  in  the  intensity  of 
magnetisation  is  roughly  parallel  to  that  in  mechanical  properties.  The 
increase  of  the  tensile  strength  in  the  vicinity  of  200°  C.  is  accordingly 
ascribed  to  the  magnetic  transformation  of  cementite.  G.  E.  A. 


1078.  Resistance  of  Bismuth  in  the  Magnetic  Field  to  Alternating  and  Direct 
Currents,  and  the  remainder  E,M,F,  T.  Heurlinger.  (Phys.  Zeits.  17. 
pp.  221-227,  June  1,  1916.) — No  satisfactory  theoretical  explanation  has 
been  given  of  the  varying  change  of  resistance  of  bismuth  in  the  magnetic 
field  according  as  the  d.c.  or  a.c.  method  of  measurement  is  employed.  The 
existence  of  an  e.m.f .  after  the  current  ceases  has  been  observed  and  inves- 
tigated by  Geipel  [Abs.  1095  (1912)].  Geipel  supposed  the  phenomena  to  be 
due  to  the  presence  of  layers  of  some  other  medium  between  that  of  the  pure 
metal.  The  present  author  does  not  regard  such  an  assumption  as  necessary, 
and  shows  by  mathematical  investigation  that  the  effects  can  be  accounted 
for.  He  deduces  equations  connecting  the  various  effects  with  the  coefficients 
of  the  transverse  thermomagnetic  and  galvanomagnetic  phenomena  and  then 
estimates  their  probable  magnitude.  The  results  are  in  fair  agreement  with 
the  experimental  data  obtained  by  various  investigators.  L.  L. 

1070.  Hall-effect  and  Allied  Phenomena  in  Rare  Metals  and  Alloys.  A.  W. 
Smith.  (Phys.  Rev.  8.  pp.  79-88,  July,  1916.)— The  author  has  measured  the 
coefficient  of  the  Hall-effect  and  the  coefficient  of  the  Nernst-effect  in  certain 
rare  metals  and  an  iron-cobalt  alloy  [composition  FetCo]  and  finds  the 
following  values : — 


lf«taL 

HaU  Coeffident  x  lO*. 
Temperature  Sf*^  C 

Nernst  Coefficient  x  10«. 
Temperatare  60^  C. 

Indium ••• 

—  0-78 

—  170 
+  12-6 
+  11-8 
+  19-2 
+  101 
+   2-4 
+  18-8 

+     8-2 
+   16  0 
—   17-2 

Lithium   

Molybdenum 

Tungsten 

Cerium 

-lOOK) 
+   10^ 
+     9-8 
—     8-7 

Tantalum    

Thallium 

Fe,Co  

+  2600 

The  maximum  magnetic  field  employed  was  18,000  c.g.s.  units,  and  except 
in  the  case  of  the  Fe-Co  alloy  the  coefficients  are  independent  of  the  mag- 
netic field.  The  direction  of  the  Hall-efiFect  conforms  with  the  electron 
theory  only  in  the  case  of  indium  and  of  lithium.  The  du'ection  of  the  Nernst- 
effect  in  In,  Li,  Ce,  Ta,  and  the  Fe-Co  alloy  agrees  with  that  required  by  the 
electron  theory.  The  Fe-Co  alloy  was  studied  because  of  its  special  interest 
in  connection  with  the  theory  that  the  reversal  of  the  Hall-effect  is  due  to 
molecular  fields  in  the  neighbourhood  of  the  atoms.  The  value  found  does 
not  support  this  theory.  The  author  has  also  determined  the  Ettingshausen- 
effect  in  four  series  of  bismuth  alloys,  viz.  Bi-Sn,  Bi-Pb,  Bi-Cd,  and  Bi-Sb. 
He  finds  that  the  addition  of  very  small  quantities  of  Pb  or  Sn  to  Bi  causes 
a  very  rapid  decrease  in  the  magnitude  of  the  Ettingshausen-effect  Small 
additions  of  Sb  or  Cd  to  Bi  increase  the  effect,  but  a  maximum  is  soon 
reached  and  further  additions  rapidly  diminish  the  effect  The  Ettings- 
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hausen-effect  in  these  alloys  is  not  proportional  to  the  magnetio  field,  and 
the  deviations  from  proportionality  are  larger  the  greater  the  concentration 
of  the  added  metal.  L.  L. 

1080,  Formation  of  Crystals  in  a  Magnetic  Field,  A.  Tveten.  (Phys. 
Zeits.  17.  pp.  286-287,  June  1,  1916.) — The  deposition  of  crystals  of  an  iron 
compound  which  usually  forms  leaflets  or  tabular  crystals,  has  been  allowed 
to  proceed  in  magnetic  fields  varying  from  500  to  4500  gauss.  The  crystals 
thus  formed  are  acicular  and  lie  mostly  with  their  long  dimension  per- 
pendicular to  the  lines  of  force,  although,  too,  often  from  an  angle  with  its  apex 
pointing  towards  the  strongest  part  of  the  field ;  the  crystals  also  exhibit  a 
tendency  to  accumulate  in  the  stronger  parts  of  the  field.  The  acicular 
crystals  persist  as  long  as  the  field,  but  interruption  of  the  current  is  followed 
by  separation  of  those  crystals  arranged  at  angles,  and  later  by  rupture  of  the 
crystals  across  their  long  direction  ;  this  disruption  is  completed  within  a 
few  minutes  and  takes  place  whether  the  crystals  are  free  from,  or  still 
immersed  in,  the  mother  liquor.  Crystals  formed  outside  are  not  influenced 
when  introduced  into  the  field.  Somewhat  similar  results  are  obtained  in  the 
case  of  potassium  ferricyanide.  T.  H.  P. 


RADIOGRAPHY  AND  ELECTROPHYSIOLOGY. 

1081.  Simple  Appliance  for  measuring  Depth  of  a  Foreign  Body,  M[ary] 
Mercier.  (Archives  d'6l.  Medicalc,  24.  pp.  188-187,  May,  1916.)— The 
apparatus  consists  of  a  wooden  base  to  one  side  of  which  is  attached  a  small 
wooden  upright.  Into  this  upright  and  at  right  angles  to  it  pins  or  needles 
are  fastened  at  2  cm.  apart,  the  first  being  placed  at  the  base.  The  needles 
project  on  the  side  of  the  upright  away  from  the  support.  To  measure  the 
depth  of  a  foreign  body  the  patient  is  placed  on  the  operating  table,  the 
Rontgen-ray  tube  being  below.  The  screen  is  placed  above  the  part  it  is 
desired  to  examine.  The  apparatus  is  then  placed  at  the  side  with  the  teeth 
turned  in  the  direction  of  the  foreign  body.  The  tube  is  then  arranged  so 
that  all  the  teeth  appear  as  one  on  the  screen  ;  they  will  then  be  all  placed 
on  the  normal  ray  with  the  foreign  body.  The  position  of  the  image  of  the 
latter  is  marked  on  the  skin.  Tlie  tube  is  then  displaced  ■  a  short  distance 
perpendicular  to  the  line  joining  the  images  of  the  teeth  and  foreign  body. 
Several  images  of  the  teeth  are  then  seen  upon  the  >creeh.  '  The  image  of 
the  foreign  body  is  displaced  equally  with  that  of  the  tooth  situated  at  the 
same  height  above  the  table  and  so,  by  its  position  relative  to  the  images 
formed  by  the  teeth^  its  actual  height  above  the  table  can  be  found*  and  when 
the  thickness  of  the  part  under  investigation  is  known,  the  depth  of  the 
foreign  body  below  the  upper  surface  can  also  be  found.  The  readings  so 
obtained  are  exact  to  within  5  mm.  The  method  of  obtaining  radiographs 
is  also  discussed.  Diagrams  of  the  apparatus  and  to  illustrate  the  methods 
are  given.      ,  A.  E.  G. 
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1082.  Molecular  Configuration.  W.  Ramtay.  (Roy.  Soc.>  Proc.  92. 
pp.  451-46%  July  1, 191Q.>-It  is  now  almost  ttniversally  acknoiwledged  that 
the  valency  of  an  element  is  due  to  its  being  associated  with  one  or  more 
electrons.  The  mechanism  of  chemical  combination  was  sketched  by  the 
author  in  a  Presidential  Address  to  the  Chemical  Society  [Abs.  1171  (1008)]< 
The  conception  there  put  forward  is  elaborated  and  illustrative  models 
are  described.  Apart  from  the  constitutional  electrons  there  appear  to  be 
attached  to  each  atom  one,  two^  three,  four,  or  five — rarely  six,  seven,  or 
eight — electrons  more  loosely  connectied,  which  determine  the  valency  of 
the  atom.  They  di£Eer  from  the  constitutional  electrons  in  so  far  as  they  are 
removable  without  disturbing  the  groupings  which  determine  the  essential 
structure  of  the  atom  as  a  whole.  For  the  purpose  of  the  present  paper  the 
atom  is  considered  as  a  sphere.  The  valency  electrons  are  supposed  to 
revolve  round  that  sphere  in  small  circles.  The  rotatioa  can  be  one  i way  or 
another  according  as  the  atom  is  to  be  electro-positive  or  electro-negative. 
Then  these  spheres  will  naturally  turn  into  certain  positions  with  respect  to 
each  other,  since  each  electronic  orbit  is  like  an  equivalent  magnetic  shelL 
To  represent  different  atoms,  the  orbits  and  periods  are  supposed  to  be 
different  For  monovalent  atoms  Uiere.  is  but  one  valency  electron ;  for  a 
divalent  atom,  two  electrons,  and  so  forth.  The  formations  of  hydrogen  and 
oxygen  molecules  are  discussed,  also  ozone.  Then  compounds  are  dealt 
with,  including  HjO,  HCl,  HOCl,  and  NHt.  E.  H.  B. 

1088.  Viscosity  and  Density  of  Molten  Metals  and  Alloys.  M.  Pl&ss.  (Zeits. 
Anorg.  Chem.  98.  pp.  1-44,  Aug.,  1916.  Engineering,  182.  p.  68,  ]uly  21, 1916. 
Abstract.) — The  molten  metal  is  drawn  up  a  vertical  capillary  of  glass  which 
opens  out  into  a  bulb  near  its  upper  end ;  two  marks  are  above  and  below 
this  bulb,  and  the  time  interval  is  determined  which  the  receding  metal  takes 
in  passing  the  marks.  The  tube  is  jacketed  with  vapours  of  ether,  benzene  or 
anthracene  ranging  in  boiling-points  from  85°  up  to  851°  C.  The  metal  came 
in  contact  only  with  hydrogen  or  COt ;  yet  there  was  some  oxidisation 
sometimes,  and  some  alloys  were  so  viscous  that  wide  capUlaries  (interval 
28  or  88  sees.)  had  to  be  used  instead  of  the  original  capillary  of  0*08  mm. 
diam.  (interval  100  to  800  sees.).  With  the  wide  capillaries  Poiseuille's 
formula  required  the  correction  of  Hagenbach,  relative  determinations  being 
alone  possible.  Mercury  gave  Koch's  viscosity-temperature  curve ;  tin  and 
bismuth  gave  almost  straight  lines  intersecting  at  81*2*^,  the  viscosities  being 
slightly  lower  than  those  of  Fawsett  [see  Abs.  1566  (1908)].  The  alloys 
examined  were  lead-tin,  tin-bismuth,  lead-antimony.  The  densities  of  the  first 
two  scries  (determined  by  weighing  blocks  of  nickel  in  the  alloy)  were  prac- 
tically linear  functions  of  the  compositions,  but  the  viscosities  could  not  be  cal- 
culated from  the  law  of  mixtures.  AD  the  three  series  of  specially  prepared 
alloys  exhibited  a  sharp  depressioh  on  the  viscosity  curve,  indicating  minimum 
viscosity  at  the  enteqtic  composition,  though  at  a  temperature  well  above  that 
point.  The  tin-bismuth  sedes  further  marked  two  viscosity  maxima  corre- 
sponding to^he  compounds  BiSnt  and  BitSn ;  none  of  these  extreme  points 
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coincided  with  density  maxima.  The  viscosities  fomid  are  higher  than  those 
of  Arpi  [see  Abs.  596  (1914)],  whose  furnace  was  probably  not  of  uniform 
temperature,  and  who  did  not  apply  the  Hagenbach  correction.  H.  B. 

1084.  Elasticity  and  Strength  of  Steels  containing  High  Proportions  of  Nickel, 
G.  ColonnettL  (Accad.  Sci.  Torino,  Atti,  51.  3a.  pp.  77-85,  and  8a.  pp.  150- 
159, 1915-1916.)— Three  types  of  steel,  containing  respectively  5, 12,  and  26  % 
of  nickel,  have  been  examined^  The  first  is  rather  stronger  than  an  ordinary 
steel  equaUy^rich  in  carbon,  this  advantage  being  sensibly  increased  by  tem- 
pering. Steel  containing  12  %  Ni,  after  simple  reheating,  exhibits  very  high 
strength  which  is  of  the  order  of  that  of  hard-tempered  steels  but  it  difiFers 
sharply  from  the  latter  in  elastic  behaviour  ;  the  rapidity  of  cooling  is  almost 
without  influence  on  the  properties  of  the  steeL  The  only  method  of 
diminishing  the  hardness  and  strength  appears  to  consist  in  reheating  at  a 
temperature  slightly  below  that  of  thermal  transformation,  the  efiFedt  increas- 
ing with  the  prolongation  of  the  heating.  Before  reheating  at  800^,  steel  with 
26  %  Ni  exhibits  comparatively  low  strength  and  hardness,  while  the  elonga- 
tion is  enormously  greater  than  that  of  an  ordinary  sted  of  equal  strength. 
Such  elongation  may  be  still  further  increased  by  tempering,  the  strength 
remaining  almost  unaltered ;  this  result  depends  on  the  fact  that,  with 
materiab  of  this  type,  the  transformation  point  on  cooling  lies  below  the 
ordinary  temperature. 

In  the  proportion  of  5  %,  nickel  causes  sensible  variability  in  the  modulus 
of  elasticity,  but  tempering  diminishes  the  modulus  slightly  at  very  low  loads 
and  raises  it  markedly  for  greater  loads,  so  that  Hooke's  law  is  practically 
obeyed.  Still  more  marked  is  the  variatHlity  of  the  modulus  with  12  %  Ni ; 
the  deformation  increases  continually  more  rapidly  than  the  load,  so  that  there 
are  no  longer  limits  of  proportionality.  The  mean  value  of  the  modulus  may 
be  raised  by  prolonged  reheating  at  525^,  the  original  hardness  and  strength 
being  then  restored  only  by  heating  above  the  transformation  temperature. 
In  the  case  of  steel  with  26  %  Nij  the  results  are  influenced  appreciably,  even 
for  small  strains^  by  the  permanent  deformations  which  always  result 

T.  H.  P. 

1085.  Structure  of  the  Copper-Zinc  and  Copper-Tin  Alloys.  W.  Broni- 
ewski.  (Rev.  de  Metallurgie,  12.  pp.  961-989,  Nov.,  1915.)— After  drawing 
attention  to  the  shortcomings  of  the  purely  thermal  equilibrium  diagram  the 
author  reviews  the  results  obtained  on  the  Cu-Zn  and  Cu-Sn  alloys  by  various 
chemical,  physical,  mechanical,  and  metallographic  methods.  Equilibrium 
diagrams,  based  upon  the  whole  of  the  results  obtained,  have  been  drawn  up 
for  the  two  series  of  alloys.  In  the  Cu-Zn  series  three  compounds,  viz.  CuZn, 
CuZnt,  and  CuZn«,  are  formed ;  they  solidify  at  875'',  810°,  and  615^  C.  respec- 
tively and  divide  the  diagram  into  four  similar  parts,  each  of  which  is  typical 
of  the  separation  of  two  solid  solutions  limited  by  a  line  of  transition.  This 
gives  to  the  solid  solutions  ordinarily  considered  the  following  special  sig- 
nificance :  a  is  a  solid  solution  of  CuZn  in  copper,  /3  is  a  solid  solution  con- 
sisting mainly  of  CuZn,  y  is  a  solid  solution  built  round  the  compound  CuZnt, 
^  is  a  solid  solution  of  CuZnt  in  the  modification  of  CuZn«  stable  at  high  tem- 
peratures, •  is  a  solid  solution  built  up  on  the  modification  of  CuZn«  stable  at 
low  temperatures,  and  q  is  a  solid  solution  of  CuZn«  in  zinc.  Copper  and  tin 
form  the  compounds  CuiSn,  CuiSn,  and  CuSn ;  these  give  rise  to  the  following 
solid  solutions :  a  a  solution  of  CuiSn  in  copper,  fi  a  solution  of  copper  in  the 
modification  of  CuiSn  stable  at  high  temperatures,  7  a  solution  of  Cu^n  in  the 
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nKxIificatioQ  of  CuiSn  stable  at  low  temperatures^  9  a  solid  solution  formed 
principally  of  the  modification  of  CuiSn  stable  at  low  temperatures,  $i  a  solu- 
tion of  CuSn  in  CusSn,  and  H  a  solution  of  CutSn  in  CuSn.         F.  C.  A.  H.  L. 

tOS6.  TungsteH'MofybdtHum  AUoys.  Z.  Jeffries.  (Am.  Inst  Mining  Eng., 
Bull.  No,  115.  pp.  1225-128d>  July,  1916.)— Describes  a  method  for  the  detefr 
mination  of  melting-points  of  melals  and  allo]rs  having  high  fusion  tempera- 
tures. The  necessary  apparatus  is  illustrated  and  described.  The  method 
consist  in  passing  an  electric  current  through  a  wire  of  the  metal  or  alloy 
under  examination,  conmiencing  with  a  low  amperage  and  gradually  increas- 
ing until  fusion  occurs.  Voltmeter  and  ammeter  readings  are  recorded  with 
each  increase  in  current  so  that  the  fusion  wattage  can  be  accurately  cal- 
culated. The  apparatus  was  cahbrated  with  wires  of  pure  Pt,  Mo,  and  W. 
The  melting-point  of  tungsten  is  taken  as  SflfXP  C.  and  of  molybdenum  as 
3600P  C.  The  results  obtained  indicate  that  W  and  Mo  form  a  completely 
isomorphous  series,  and  photomicrographs  are  given  which  are  in  agreement 
with  these  results.  The  probable  accuracy  of  the  method  used  and  the  chief 
causes  of  error  are  discussed. 

With  regard  to  the  crystallisation  of  W  and  Mo,  these  are  found  to 
crystallise  in  the  isometric  system,  the  oystal  units  being  cubes.  Photo- 
micrographs of  etching  pits  are  given  in  support  of  this  statement     0.  O.  B. 

1087.  Transformations  occurring  in  the  Copper-Tin  Alloys  in  ihe  Solid  State. 
P.  Slavinsky.  (Rev.  de  la  Soc.  russe  de  Metal.  I.  pp.  548-568,  1918.  Rev. 
de  Met.  12b.  pp.  405-409,  Nov.,  1915.) — ^The  author  has  renewed  the  study  of 
the  copper-tin  alloys  over  the  range  of  composition  from  57  to  77  %  Cu,  in 
order  to  clear  up  certain  obscurities  left  by  the  work  of  Hejrcock  and  Neville 
and  also  that  of  Giolitti  and  Tavanti.  Samples  were  prepared  by  casting  in 
sand  on  account  of  the  fragility  of  the  alloys,  and  a  thennal  study  was  made 

-  by  means  of  the  Baikoff  differential  method  and  the  Kumakov  autographic 
recorder.  The  results,  which  are  summed  up  in  the  form  of  a  table  and  a 
constitution  diagram,  point  very  definitely  to  the  existence  of  the  compound 
CuiSn.  This  compound  is  dimorphous  and  undergoes  an  allotropic  trans- 
formation at  601^  C.  Alloys  richer  in  copper  show  two  arrest*points.  The 
temperature  of  the  upper  one  varies  with  the  composition,  and  is  considered 
to  be  due  to  a  decomposition  of  the  solid  solution  induced  by  the  allotropic 
transformation  of  the  CuSn«,  while  the  lower  one  occurs  at  the  constant 
temperature  of  497^  C,  and  is  due  to  the  simultaneous  deposition  of  the  alpha 
saturated  solid  solution  and  the  remainder  of  the  Cu4Sn.  Between  Cu4Sn  and 
CuiSn  the  arrest  at  601^0.  grows  more  and  more  feeble  as  the  composition 
approaches  that  of  CuiSn.  In  this  range  the  presence  of  the  constituent 
CutSn  is  due  to  the  reaction  8Cu4Sn  -f-  Sn  ss  4CutSn,  while  in  the  alloy  corre- 
sponding to  pure  CutSn  complete  transformation  to  Cu4Sn  -|-  Sn  occurs 
at  68(fC.    The  conclusions  were  confirmed  by  micrographic  analjrsis. 

F.  C.  A.  H.  L. 

1088.  Brittleness  of  Annealed  Copper,  W.  E.  Ruder.  (Frank.  Inst,  J. 
181.  p.  859,  June,  1916.)— Experiments  have  shown  that  the  brittleness 
developed  on  heating  certain  samples  of  copper  is  in  reality  due  to 
deoxidation,  and  not  to  burning  as  is  usually  thought  to  be  the  case. 
Ordinary  commercial  copper  begins  to  show  brittleness  at  400°  C.  in  dry 
hydrogen,  at  600°  in  wet  hydrogen,  at  800°  to  860°  in  CO,  and  700°  in 
steam.  Copper  previously  deoxidised  by  means  of  borOn  is  not  affected 
by  heating  at  any  temperature  in  a  reducing  atmosphere.    The  brittleness 
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is  most  likely  due  to  the  redaction  of  ttie  intergranubr  ctxprons  oxifte, 
leaving  a  spongy  mass  which  possesses  littie  mechanical  strength. 

F.C.A.  H.  L. 

1088.  Non*ideal  Sdutkms.  The  Activity  of  a  Difficiiltfy'8olubk>  Component. 
E.  K.  Stracban.  (Am.  Chem.  Soc,  J.  88.  pp.  036-688,  March,  1916.)— 
Deviations  from  the  ideal  law  of  solutions*  can  be  attributed  (1)  to  the  fkct 
that  the  number  of  molecular  species  is  different  from  the  number  of  com* 
ponents  faiy  reason  of  association,  dissociation,  or  combination  between 
solvent  and  sointe ;  (2)  to  a  difference  between  the  thermodynamic  condition 
of  the  sohition  and  of  its  components,  commonly  described  as  '<  change  in  tho 
nature  of  the  medium,"  or  ''change  in  the  thermodynamic  environment." 
The  former  differ  from  ideal  solutions  only  by  reason  of  our  ignorance  of 
their  real  composition  :  the  latter  give  rise  to  solutions  which  are  definitely 
**  non-ideal." 

The  simplest  of  such  non-ideal  solutions  is  found  in  the  dissolution 
(without  association  or  dissociation)  of  a  mbderately-soluble  solid  in  a 
normal  liquid,  eg.  iodine  in  CCI4,  CSt,  or  CHBr».  The  partial  pressures  of 
these  three  solutions  liave  been  determined  indirectly  from  the  ratios  of 
distribution  in  contact  with  water.  The  partial  pressures  deviate  from 
Henry*s  law,  but  can  be  expressed  by  an  equation  containing  an  additional 
term,  the  constant  for  which  runs  very  steadily  through  a  series  of  concentra- 
tions and  is  approximately  proportional  to  the  inverse  square  of  the  solubility. 

T.  M.  L. 

1090.  Nature  of  Colloidal  Salution$  and  Process  for  determining  the  Shape  of 
Colloidal  ParUcUs.  H.  Diesselhofst  and  H.  Freundlich.  (Phys.  Zeits* 
17.  pp.  117-128,  April  1, 1916.)-— The  paper  commences  with  a  discussion  of 
the  r^tionship  between  the  TyndalUeffect  and  the  shape  of  colloidal 
particles.  With  spherical  particles  the  TyndaU-effect  remains  unchanged 
by  movement  of  the  sol,  while  witii  other  shaped  particles  an  increase  or 
decrease  of  the  effect  can  be  obtained  according  to  the  experimental  condir 
tions.  Flow  experiments  are  described  whereby  disc-  and  rod-like  particles 
have  been  distinguished.  By  movement  of  the  sol,  produced  say  by  stirring, 
various  formations  arise,  but  only  in  thex^se  of  non-spherical  particles,  and 
these  cause  an  alteration  in  the  TyndaU-effect.  The  dependence  of  light 
absorption  on  the  movement  of  sols  has  been  investigated.  With  spherical 
particles  no  change  in  absorption  can  take  place,  but  it  is  otherwise  with 
disc-  and  rod-like  pariicles,  and  transmitted  light  is  found  to  give  comple- 
mentary effects  to  the  TyndaU-effect.  An  appreciable  double  refraction  is 
not  necessarily  bound  up  with  the  above  phenomena.  A  weak  double* 
refraction  due  to  the  shape  of  the  particles  must  be  distinguished  from  the 
much  stronger  effect  due  to  the  anisotropic  structure  of  the  molecule. 
The  following  sols  contained  spherical  particles;  silver,  gold  (red-sol  by 
reduction  with  acetylene),  platinum  (obtained  by  Bredig's  method), 
AZ(OH)s  sol,  As^Ss  sol.  Disc-like  particles  mixed  with  elongated  and 
spherical  particles  are  given  by  a  graphite  preparation  of  HaSn,  and  ferric 
hydroxide-sol.  Rod-like  particles  are  afforded  by  vanadium  pentoxide  and 
tungstic  acid.  The  results  agree  with  those  obtained  by  microscopic  and 
ultra-microscopic  research.  Only  vanadium  pentoxide  and  ferric  hydroxide, 
which  had  been  prepared  some  time,  exhibited  strong  double  refraction, 
white  with  tungstic  acid  and  graphite  sol  none  could  be  observed.  This 
latter  offers  strong  support  to  the  assumption  that  double  refraction  is 
intimately  bound  up  with  the  anisotropic  structure  of  the  molectHes  which 
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compose  the  particles,  and  is  less  dependent  on   the  sha^^e  of  particles 
themselves.  B.  H.  Ho. 

1001.  Fru  Energy  of  Hydrochloric  Acid  in  Aqueous  Solution.  J.  H.  Ellis. 
(Am.  Chem.  Soc.,  J.  88.  pp.  787-762,  April,  1916.)— Mainly  from  measure- 
ments of  the  e.m.f.'s  ahd  temperature  coefficients  of  concentration  cells,  the 
conclusion  is  drawn  that  the  activity-coefficients  both  of  hydrochloric  acid 
and  of  potassium  chloride  up  to  a  concentration  of  M/10  decrease  far  more 
rapidly  than  do  the  conductance  ratios.  The  difference  at  this  concentratioh 
is  9%  for  HCl  and  16  %  for  KCl,  so  that  in  using  the  conductance  ratio  as  a 
measure  of  ion-activity  in  mass-action  expressions,  as  is  commonly  done, 
a  corresponding  error  is  introduced.  At  a  concentration  of  about  M/5  the 
activity-coefficient  of  HCI  reaches  a  minimum,  and  then  increases  very 
rapidly  with  increasing  concentration^  becoming  at  the  highest  concentra- 
tion (448  M)  228  times  as  great  as  at  zero  concentration.  The  activity- 
coefficients  of  KCI,  on  the  other  hand,  as  derived  from  e.m.f/s  and  from 
freezing-points,  agree  together  remarkably,  showing  that  the  conductance 
ratios  of  this  salt  are  a  true  measure  of  its  ion-concentrations  (although  not 
of  ion-activity),  since  this  assumption  is  made  in  the  calculation  from 
freezing-points,  but  not  in  that  from  e.m.f.'s.  T.  M.  L. 

1002.  The  Consequences  of  Likening  Reversible  Solutions  to  Saturated 
Vapours,  A.  Colson.  (Comptes  Rendus,  162.  pp.  758-766,  May  15, 
1916.)— In  applying  the  Clapeyron  equation  LdT  =  AT(V  —  \J)dp  to  solu- 
tions, the  mistake  is  frequently  made  of  making  U  =  0,  and  then  of 
applying  to  the  truncated  equation  the  gas  law  PV  =  RT.  We  ought,  how- 
ever, to  proceed  in  the  opposite  way  and  to  adapt  the  terms  of  the  above 
strict  quotation  to  the  phenomena.  The  work  (V —  \J)dp  then  refers  to  the 
expansion  of  a  solid  in  the  solvent  at  temperature  T,  the  external  pressure  p 
being  equal  to  the  osmotic  pressure  of  the  saturated  solution  at  T.  The 
heat  of  molecular  expansion  L  becomes  the  molecular  heat  of  saturation 
und^r  this  pressure  /./By  adopting  this  method  of  procedure,  the  formula 
for  reversible  solutions  Ukes  the  form  LrfT  =  AT[(V  — Vi  —  U) +V]<i/, 
where  (V  —  V|  —  U)  represents  the  contraction  of  volume  (t)  resulting  from 
the  change  of  I  state  or  final  liquid  volume  minus  the  initial  volume  of  the 
liquid  and  of  the  salt.  The  value  of  c  being  negligible  compared  with  that  of 
the  solvent  (Vi),  it  is  of  little  consequence  whether  i  is  positive  or  negative. 
When  now  we  pass  from  osmotic  pressure  to  concentration,  it  has  been 
customary  to  regard  dpjdT  as  the  same  as  rfC/rfT,  and  we  obtain  for  non- 
dissociating  solutes  LdT  «  AT(V|  +  t)dp  =  KT(1/C  -f- 1 )tfC,  and  by  neglecHng 
f  and  regarding  L  as  constant,  we  obtain  C=sCoTl/K.  Generally,  however, 
L  is  not  constant  and  dp  cannot  be  assimilated  to  dC.  It  is  better,  therefore, 
to  retain  the  original  equation,  which  shows  that  when  L  vanishes  at  a 
temperature  T  +  rfT,  the  increase  dp  also  becomes  zero.  But  dp  is  the 
sum  of  two  terms,  "bptdC .  dC  +  "bpl^T .  dT,  and  when  dp  is  zero,  dC  is  not 
Or,  putting  it  in  other  words,  dp  ac  di  +  dn,  where  i  is  the  van't  Hoff 
coefficient,  and  n  the  number  of  solute  molecules  in  1  litre  of  water.  On  the 
other  hand,  dC  =  dn.  Consequently,  when  L  and  dp  are  zero,  the  maximum 
of  concentration,  determined  by  </C  =  0  is  not  attained,  since  there  is  a  real 
difference,  di,  between  dp  and  dC.  This  prediction  of  the  theory  is  verified 
in  the  case  of  gypsum,  which  exhibits  a  maximum  of  solubility.  Since  the 
solubility  is  small,  the  osmotic  pressure  of  the  saturated  solution  is  not  greatly 
different  from  the  ordinary  atmospheric  pressure,  and  the  heat  of  equilibrium, 
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C(»Tesponding  witii  the  heat  of  saturation  at  this  point,  is  shown  by  the  values 
obtained  by  Berthelot,  to  vanish  at  28^.  The  solubility-maximum,  however, 
corresponding  with  dC^O  occurs  above  82°,  which  is  in  harmony  with  the 
considerations  put  forward  by  the  author.    [See  also  Abs.  186  (1916).]     A.  F. 

1093.  Action  of  Nitric  Acid  on  Aluminium,  R.  Seligman  and  P. 
Williams.  (Soc.  Chem.  Ind.,  J.  85.  pp.  665-672,  ]une,  1916.  Chem.  News, 
118.  p.  297,  with  Disc.,  ]une  28, 1916.)— The  authors  discuss  the  effect  of : 
(1)  temperature,  (2)  concentration,  (8)  impurities  in  the  nitric  acid,  (4)  oxides 
of  nitrogen,  (5)  physical  state  of  the  metal,  and  (6)  composition  of  the  metal, 
on  the  reaction  between  nitric  acid  and  AI.  The  results  given  show  that  Al 
can  be  used  with  advantage  for  dealing  with  strong  nitric  acid  provided  that 
the  latter  be  cold  and  the  apparatus  suitably  designed.  With  hot  nitric  acid 
of  any  concentration  Al  can  have  only  a  very  limited  life.  Cold  dilute  nitric 
acid  can  be  handled  in  Al  in  many  cases,  but  the  life  of  the  Al  will  not  be  sq 
long  as  with  strong  nitric  acid.  Mixed  nitric  and  sulphuric  acids  attack  Al 
much  more  readily  than  pure  nitric  acid,  so  that  the  metal  should  only  bet 
used  with  great  caution  for  handling  mixed  acids.  T.  S.  P. 

1094.  Complete  Expression  for  the  Heat  of  Reversible  Solution  in  a  Volatile] 
Liquid,  C.  Raveau.  (Comptes  Rendus,  162.  pp.  756-757,  May  15, 1916.)—  - 
The  author  deduces  the  following  equation — 

ET      XbTjp  Is  ^         ^  Wt  ^  J,  Is  ^S 

where  L  =  heat  of  reversible  solution  ;  V,  v  are  the  specific  volume  of  the 
vapour  of  the  solvent  and  of  the  solvent  in  the  solution,  under  the  pressure/, 
the  concentration  being  5.  f  is  the  volume  of  the  solid  in  the  solution  under 
any  pressure.  On  reducing  the  second  member  of  the  above  expression  to  the 
first  term,  only  the  contraction  accompan3ring  the  mixing  of  two  solutions  in 
the  neighbourhood  of  the  saturation-point  is  neglected.  The  formula  so 
simplified  remains  strictly  correct  under  the  simultaneous  equilibrium 
pressure  of  the  three  phases,  solid,  liquid,  and  gas.  A.  F. 

1095.  Activity  and  Concentration^  Transport  Numbers^  and  Boundary 
Potential.  A.  L.  Ferguson.  (].  Phys.  Chem.  20.  pp.  826-^52,  April,  1916.) 
— As  a  result  of  the  present  investigation,  in  which  a  new  form  of  concentra- 
tion cell  was  used,  the  author  arrives  at  the  following  conclusions :— (1)  The 
transport  numbers  for  hydrochloric  acid  remain  constant  for  dilutions  greater 
than  fi/80,  and  thus  conductivity  measurements  give  an  accurate  method  for 
determining  ion  concentrations  in  dilutions  greater  than  it/80,  so  far  as  any 
change  in  the  velocity  of  the  ions  is  concerned.  (2)  The  concentration  is  not 
proportional  to  activity.  (8)  The  Nernst  equation  cannot  be  applied  to  an 
actual  concentration  cell  without  some  changes.  (4)  The  formula  for  cal- 
culating boundary  e.m.f.  gives  accurate  results  if  the  true  transport  numbers 
are  used  and  if  activity  is  substituted  in  the  place  of  concentration.     L.  H.  W. 

1096.  Some  Quantitative  Data  on  Kathode-deposited  Metals.  P.  G.  Nutting. 
(BVank.  Inst.,  J.  182.  pp.  115-116,  July,  1916.)— Platinum  mirrors  were  deposited 
electrolytically  on  two  Pt-Ir  kathodes  of  diflFerent  sizes  and  curves  are  given 
showing  the  connection  between  the  quantity  of  current  used  and  the  reflect- 
ing power  of  the  deposit  at  45°  incidence,  the  transmission  (T)  and  the  density 
D  (D  =  log  1/T)  measured  normal  to  the  surface.  Details  are  also  given  of  the 
weights  and  mean  densities  of  the  deposits  obtained.  No  mention  is  made  of 
the  electrolyte  used.  X.  S.  P. 
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1097.  Kinematic  Representation  of  a  Damped  Harmonic  Function,  A. 
Guillet.  (Tourn.  de  Physique,  6.  pp.  47-66,  Jan.-Feb.,  1916.)— The  variation 
of  tt  =  ae"  sin  wt  can  be  represented  as  the  abscissa  of  a  point  M  which  moves 
along  an  arrow  OS  according  to  OM  =  ae~~  while  the  arrow  OS  turnsabout  O 
with  a  constant  angular  speed  at.  The  author  develops  this  idea,  and  shows 
how  the  velocity  and  acceleration  of  the  point  at  any  moment  are  repre- 
sented, and  investigates  the  effect  of  impulses  applied  to  a  body  moving  with 
damped  harmonic  motion.  A  system  operated  in  this  way  occurs  in  the 
"  autoballistic  repeater  "  [Abs.  1298  (1908)]  and  in  a  galvanometer  maintained 
deflected  by  successive  rhythmic  discharges,  both  of  which  cases  the  author 
investigates.  W.  H.  G. 

1098.  Surface-tension  Effects  in  Metals.  F.  C.  Thompson.  (Iron  and 
Steel  Inst.,  J.  93.  pp.  166-198  ;  Disc,  and  Corres.,  194-210, 1916.  Engineering, 
101.  pp.  472-474,  May  19  ;  618-614,  May  26,  and  pp.  640-642,  June  2, 1916.)— 
The  author  has  extended  the  theory  which  has  already  been  described  in 
Abs.  278  (1916).  In  applying  the  theory  to  the  case  of  steels  generally,  the 
author  shows  that  it  gives  a  simple  and  rational  explanation  of  the  direct 
linear  relationship  of  the  mechanical  properties  of  plain  carbon  steels  up  to 
a  carbon  content  of  0*9%.  The  increase  of  the  elastic  limit  by  alloying  with 
a  third  element  is  also  compatible  with  the  demands  of  the  theory.  The 
conditions  governing  the  hardness  or  tensile  strength  and  its  elastic  limit, 
though  parallel,  are  quite  distinct  from  each  other.  Hardness  appears  to  be 
a  function  of  the  crystalline  portion,  while  the  elastic  limit  seems  to  depend 
chiefly  on  the  intercrystalline  cement.  F.  C.  A.  H.  L. 

1099.  Brownian  Movement  of  Particles  of  Oil,  Tin,  and  Cadmium  in 
different  Gases  and  at  different  Pressures.  A.  Schidlof  and  A.  Targonski. 
(Comptes  Rendus,  162.  pp.  78a-791,  May  22, 1916.)— The  authors  have  made 
observations  on  the  Brownian  movement  of  (1)  olive-oil  drops,  of  spherical 
form  and  definite  density,  in  the  air  at  the  ordinary  pressure  and  at  a  pressure 
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of  about  0*06  atmo. ;  (2)  particles  of  tin  obtained  by  pulverisation  of  the 
molten  metal  in  an  atmosphere  of  nitrogen ;  and  (8)  particles  of  cadmium 
produced  by  the  ebullition  of  Cd  in  pure  hydrogen  and  in  hydrogen  con- 
taining a  little  air.  The  results  show  that  Einstein's  theory  of  Brownian 
movement  is  applicable,  to  spherical  particles  (spherules  of  oil)  without 
restriction,  and  to  non-spherical  particles  of  not  too  irregular  form  (particles 
of  Sn  and  Cd),  no  matter  what  the  gaseous  medium.  The  value  of  the 
elementary  charge  of  the  gaseous  ions  is  in  agreement,  within  the  limits 
of  accuracy  of  the  measurements,  with  that  obtained  by  other  more  exact 
methods  [see  Abs.  166,  231,  691  (1916)].  T.  H.  P. 

1100.  Discharge  of  Gases  through  Nozzles,"  Rayleigh.  (Phil.  Mag.  82. 
pp.  177-187,  Aug.,  1916.) — Discusses  the  problem  of  the  flow  of  gas  through 
a  small  aperture  from  one  vessel  to  another  in  which  the  gas  is  at  a  much 
lower  pressure,  with  special  reference  to  the  wofk  of  Emden  and  of  Prandtl 
[see  Abs.  1886  (1899)  and  8  (1906)].  It  is  suggested  that  further  experimental 
evidence  is  required  as  to  whether  any  alteration  in  the  rate  of  discharge  is 
caused  by  reducing  the  pressure  in  the  receiving  vessel  beyond  a  certain 
critical  point.  A  simple  form  of  apparatus  for  carrying  out  this  test  is 
described.  J.  W.  T.  W. 

1101.  The  Evaporation^  Condensation^  and  Reflection  of  Molecules  and  the 
Mechanism  of  Adsorption,  I,  Langmuir.  (Phys.  Rev.  8.  pp.  149-176,  Aug., 
1916.) — The  author  commences  by  dealing  with  R.  W.  Wood's  experiments 
in  which  a  stream  of  mercury  atoms  is  caused  to  impinge  upon  a  plate  of 
glass  held  at  a  definite  temperature.  With  the  plate  at  liquid -air  temperature 
all  the  mercury  atoms  are  condensed  on  the  plate,  whereas  with  the  plate  at 
room  temperature  all  the  atoms  appear  to  be  diffusely  reflected.  Wood  seems 
to  consider  that  it  is  a  real  case  of  reflection,  but  the  author  here  suggests  an 
alternative  way  of  interpreting  the  experiments.  Taking  the  example  that  all 
the  atoms  of  mercury  which  strike  the  plate  condense,  no  matter  what  may 
be  the  temperature  of  the  plate,  then  at  higher  temperatures  the  condensed 
atoms  may  re-evaporate  again  so  rapidly  that  the  surface  remains  practically 
free  from  mercury.  The  two  phenomena  of  re-evaporation  and  true  reflection 
are  quite  distinct,  and  the  difiFerence  would  be  manifest  if  the  so-called 
reflection  were  studied  at  intermediate  temperatures.  In  the  case  of  reflection 
the  number  of  atoms  reflected  would  always  be  proportional  to  the  number 
striking  the  surface,  whereas,  on  the  re-evaporation  theorj*,  the  number 
leaving  the  surface  can  never  exceed  the  normal  rate  at  which  mercury 
evaporates  into  a  perfect  vacuum.  The  author's  experiments  have  convinced 
him  that  molecules  and  atoms  of  all  kinds  show  little  or  no  tendency  to  be 
reflected  from  a  solid  surface  against  which  they  strike.  In  the  case  of  metal 
vapours  condensing  on  the  corresponding  metals,  the  evidence  indicates  that 
not  over  one  atom  per  thousand  is  reflected.  With  molecules  of  the  so-called 
permanent  gases  striking  surfaces  covered  with  adsorbed  films  of  gas 
molecules,  there  is  some  evidence  that  a  certain  amount  of  reflection  may 
occur.  When  hydrogen  molecules  strike  a  hydrogen-covered  surface  at  high 
temperatures  it  is  possible  that  up  to  81  %  of  the  molecules  are  reflected,  but 
this  appears  to  be  the  maximum,  and  with  gases  other  than  hydrogen  and 
helium,  the  amount  of  reflection  is  always  less  than  60  %,  no  matter  what 
may  be  the  nature  of  the  solid  surface. 

The  first  part  of  the  present  paper  deals  with  the  accumulated  experi- 
mental data  on  the  subject.    Previous  work  on  the  rate  of  evaporation 
of  tungsten  filaments  in  a  high  vacuum  led  to  the  following  relation  being 
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derived  between  the  vapour  pressure  p  and  the  rate  of  evaporation  w, 
namely:  w=  (1  — r)>/(M^/2irRT),  where  M  is  the  moleculaf  weight 
of  the  vapour,  R  the  gas  constant,  and  r  the  coefficient  of  reflection  of 
the  vapour  molecules  which  strike  the  surface.  Putting  r==0,  this  formula 
was  used  to  calculate  the  vapour  pressure  of  tungsten  from  the  rate  of 
evaporation.  Subsequently  the  vapour  pressures  of  Pt  and  Mo  were  deter- 
mined by  the  same  method.  UnpubUshed  experiments  have  also  been 
made  with  Ag,  Au,  Fe,  Cu,  and  Ni,  those  with  silver  being  in  agreement  with 
independent  results  for  the  vapour  pressure  obtained  by  v.  Wartenburg. 
Hertz  opined  in  1882  that  the  rate  of  evaporation  of  merCury  at  100°  into  a 
perfect  vacuum  could  not  exceed  0016  gm.  per  cm.*  per  sec,  a  result  not  far 
from  that  obtained  by  the  present  author.  From  Hertz's  experimental  result 
together  with  the  author's  calculations  it  is  concluded  that  at  least  16  %  of  all 
the  mercury  atoms  striking  the  surface  must  condense.  Close  examination  of 
Hertz's  experimental  conditions  indicate  his  result  as  being  much  too  low  and 
that  the  amount  of  real  reflection  is  very  small.  Knudsen's  recent  work  sup- 
ports these  conclusions,  which  are  extended  to  W,  Pt,  Cu,  Au,  Ag,  Mo,  C,  Fe, 
Ni,  and  Th.  It  therefore  seems  reasonable  to  conclude  that  the  reflectivity 
of  metal  atoms  striking  surfaces  of  the  same  metals  at  room  temperature  (or 
lower)  is  zero.  With  respect  to  higher  temperatures  Knudsen's  work  with 
mercury  has  shown  that  the  reflectivity  with  this  metal  remains  zero  even  at 
temperatures  where  the  vapour  pressure  of  the  metal  becomes  fairly  high,  and 
in  other  cases  the  coefficient  of  reflectivity  changes  very  little  if  at  all  with  tem- 
perature. The  question  of  application  to  non-metallic  substances  has  still  to 
be  solved.  The  author  discusses,  "  Heat  Conduction  in  Gases  at  Low  Pres- 
sures," "  The  Slip  in  Gases  at  Low  Pressures,"  and  "  Statistics  of  Chemical 
Reactions  "  from  the  standpoint  of  reflectivity ;  he  shows  that  the  reflectivity 
of  oxygen,  hydrogen,  and  CO  molecules  is  small  even  at  temperatures  of 
900°  K.,  and  that  there  is  every  reason  to  believe  there  is  no  increase  at 
higher  temperatures. 

The  second  part  of  the  paper  deals  with  theoretical  considerations,  since 
the  phenomena  of  condensation,  evaporation,  and  reflection  of  molecules  are 
closely  related  to  those  of  the  viscosity,  heat-conductivity,  and  adsorption  of 
gases  at  low  pressures.  A  method  is  derived  of  calculating  the  probability 
that  an  atom  on  the  surface  of  a  solid  may  have  a  sufficient  velocity  to  cause 
an  incident  molecule  to  be  reflected.  Two  assumptions,  however,  had  to  be 
made  :  (1)  that  the  forces  and  motions  involved  are  all  normal  to  the 
surface  ;  (2)  that  the  collisions  are  perfectly  elastic,  and  that  the  work  done 
on  the  incident  particle  by  the  attractive  forces  all  appears  as  kinetic  energy 
of  this  particle.  As  both  these  assumptions  cannot  correspond  with  the 
facts,  the  actual  probability  must  be  very  much  less  than  the  calculated  value. 
The  problem  is  similar  to  that  of  a  calculation  of  the  "  time  of  relaxation  "  for 
a  gas.  It  is  probable  that  atoms  of  metal  vapour  striking  the  surface  reach 
practically  perfect  thermal  equilibrium  with  adjacent  at(tos  before  they  can 
possibly  escape  again  from  the  surface.  The  amount  of  reflection  during  the 
condensation  of  metallic  vapours  is  therefore  probably  extremely  small. 
Since  the  high  heat  conductivity  of  metals  is  related  to  their  electrical  con- 
ductivity, it  is  concluded  that  free  electrons  play  an  important  part  in  the 
mechanism  of  the  condensation  of  metallic  vapours.  Metals  in  contact  with 
hydrogen,  however,  have,  even  at  low  pressures,  their  surface  completely 
covered  with  a  layer  of  hydrogen  atoms  or  molecules,  and  a  considerable 
fraction  of  the  hydrogen  molecules  striking  other  hydrogen  atoms  or 
molecules  on  the  surface  appear  to  be  reflected.  The  reasons  for  this  high 
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reflectivity  probably  are  :  (1)  the  small  Jieat  of  condensation  ;  (2)  the 
temperature  very  high  compared  to  the  boiling-point  of  hydrogen ;  (8)  the 
atoms  forming  the  adsorbed  layer  on  the  surface  may  be  so  rigidly  held  by 
the  underlying  metal  as  to  increase  greatly  the  tendency  for  the  weakly 
attracted  incident  atoms  to  be  reflected.  As  a  final  opinion  the  author  states 
that  when  gas  molecules  strike  solid  bodies,  in  no  case  are  more  than  90  % 
reflected,  and  he  gives  a  detailed  discussion  in  support.  H.  H.  Ho. 

1102.  Waves  of  Elementary  Oscillation  Form  in  Liquids  and  Gases.  K. 
Uller.  (Phys.  Zeits.  17.  pp.  802-805,  July  15,  1916.)— The  object  of  this 
paper  is  to  consider  sound-waves  from  the  same  standpoint  as  already 
described  for  elastic  and  electromagnetic  waves  of  elementary  oscillation  type 
[Abs.  854  (1916)].  The  acoustics  of  the  atmosphere  is  mainly  dealt  with, 
and  fundamental  expressions  are  deduced  for  further  study.        H.  H.  Ho. 

1K)3.  Gravitation  and  Temperature,  E.  H.  Barton.  (Nature,  97.  pp.  461- 
462,  Aug.  8, 1916.)— P.  E.  Shaw's  result  [see  Abs.  860  (1916)]  as  to  a  variation 
of  gravitational  attraction  with  temperature  of  the  large  mass,  and  that  of 
Poynting  and  Phillips  as  to  no  variation  in  attraction  with  temperature  of  the 
small  mass,  may  seem  reconciled  satisfactorily  by  the  formula  put  forward  by 
the  latter  collaborators,  and  quoted  by  Shaw  [see  Abs.  972  (1916)] ,  namely  : — 


p/       „MT4-m/\M»n  ,-. 


where  T  and  /  are  the  absolute  temperatures  of  the  masses  M  and  m 
respectively,  placed  at  a  distance  r  apart. 

But  it  is  here  pointed  out  that  this  formula  does  not  in  general  allow 
of  the  derivation  of  the  attraction  of  a  finite  mass  from  the  attractions  of 
its  component  particles  in  the  usual  way  by  vector  addition.  It  is  shown  that 
the  attraction  of  two  particles  close  together,  each  of  temperature  T,  on 
a  distant  particle  of  temperature  t,  is  not  double  the  attraction  of  one 
such  particle  at  temperature  T. 

It  is  concluded  that  this  fact,  though  not  a  disproof  of  the  formula, 
may  well  give  us  pause  before  accepting  it,  pending  either  (a)  a  rigorous 
derivation  of  the  formula  theoretically,  or  {b)  some  crucial  experimental 
evidence  that  it  is  preferable  to  others. 

The  following  alternative  formula  is  then  suggested  : — 


F  =  G(1  +«<»M(l±^M^h^ (1«) 


where  as  before,  T  and  /  are  the  absolute  temperatures  of  the  masses  M 
and  m,  and  9  is  the  mean,  or  effective,  temperature  of  the  space,  whether 
vacuous  or  not,  between  the  masses.  With  this  formula,  two  particle,s  at  one 
temperature  have  double  the  attraction  of  either  alone  on  another  distant 
particle  at  a  different  temperature,  provided  the  temperature  9  remains  un- 
changed. In  other  words,  this  new  formula  restores  the  validity  of  the  vector 
addition  of  the  component  attractions.  It  seems,  however,  at  first  sight  to 
have  lost  the  power  to  explain  the  contrasted  experimental  results  of  the 
teinp^ture  effect  of  the  large  mass  and  the  lack  of  it  in  the  small  mass. 
But,  in  the  actual  experiments  of  P.  E.  Shaw,  might  not  the  heating  of  the 
large  mass  involve  an  increase  of  9  ?  And  again  in  the  heating  of  the  small 
mass  carried  out  by  Pojmting  and  Phillips,  the  earth  itself  being  the  large 
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mass,  might  not  the  value  of  e  be  practically  constant  ?  If  so,  possibly  the 
formula  (la)  here  suggested  might  prove  consistent  with  all  the  experimental 
results  just  reviewed.  *  E.  H.  B. 

1104.  Laws  of  Skin  Friction.  C.  H.  Lees.  (Inst.  Naval  Architects, 
Trans.  68.  pp.  62-64;  Disc,  74-79,  1916.  Engineering,  101.  pp.  626-628, 
June  2, 1916.) — Discusses  the  laws  of  skin  friction  of  a  fluid  in  stream-line  and 
in  turbulent  motion  along  a  solid  of  great  length.  According  to  Froude 
the  frictional  resistance  in  stream-line  motion  is  nearly  independent  of  the 
form  of  the  section  of  the  body  so  long  as  the  wetted  perimeter  of  the  section 
remains  the  same.  But  there  seems  to  be  considerable  risk  in  extending 
Froude's  expression,  obtained  by  towing  flat  boards  at  speeds  not  exceeding 
800  ft.  per  min.,  to  the  case  of  large  ships  moving  at  speeds  of  26  knots.  The 
problem  may  be  attacked  by  investigating  the  motion  of  a  long  solid  consisting 
of  two  duplicate  models  of  the  'wetted  section  of  a  ship  (supposed  moving 
through  a  canal),  placed  back  to  back  so  that  the  water-lines  coincide.  This 
body,  when  towed  with  the  speed  of  the  ship,  through  a  pipe  of  breadth  equal 
to  that  of  the  canal  and  of  height  equal  to  twice  the  depth  of  the  canal,  would 
meet  with  a  frictional  resistance  double  that  of  the  ship.  This  problem  has 
been  investigated  for  the  special  cases  of  elliptic  and  rectangular  sections 
[see  Abs.  16  (1916)].  When  the  speed  of  the  body  is  increased  past  the 
stream-line  stage,  eddy  currents  are  formed  in  the  liquid,  and  for  the 
resistance  brought  about  by  such  currents  there  is  no  satisfactory  theory ; 
resort  must  then  be  had  to  experimental  data  and  to  empirical  formulae  for 
extrapolation.  The  latter  half  of  the  paper  deals  with  such  empirical  formulae 
and  compares  the  results  so  calculated  with  those  obtained  by  experiment.  In 
conclusion,  it  is  stated  that,  pending  further  experiment,  it  seems  justifiable  to 
make  all  possible  use  of  the  propositions  established  for  stream-line  motions, 
and  of  the  connection  between  the  frictional  resistance  of  pipes  and  of  long 
bodies  towed  through  fluids,  when  the  motion  in  the  fluid  is  eddying  or 
turbulent.  J.  W.  T.  W. 

1106.  Note  on  Echelon  Waves,  G.  GreenhiH.  (Inst.  Naval  Architects, 
Trans.  68.  pp.  106-108, 1916.  Engineering,  101.  pp.  461-462,  May  12,  1916.) 
— Such  waves  are  sfeen  stretching  aft  from  the  l)Ow  wave  in  a  line  of  echelon, 
and  can  be  watched  at  sea  on  a  calm  day.  On  a  small  scale  the  wake  of  a 
duck  will  exhibit  the  waves  quite  clearly.  The  effect  is  explained  by  a  com- 
bination of  interference  and  group  velocity,  and  the  author  submits  a 
geometrical  construction  to  replace  a  long  analytical  calculation. 

H.  H.  Ho. 

1106.  An  Experimental  Tank  reproducing  Wave  Motion,  G.  Russo. 
(Inst  N^val  Architects,  Trans.  68.  pp.  96-102;  Disc.,  102-104,  1916. 
Engineering,  101.  pp.  460-462,  May  12,  1916.)— The  present  paper  is  the 
result  of  work  commenced  16  years  ago,  on  the  rolling  of  ships  amongst 
waves.  The  earlier  work  led  to  the  creation  of  the  navipendulum,  and  of  a 
wave-motion  machine  by  which  the  problem  of  a  ship  rolling  on  waves  was 
brought  from  the  field  odf  mathematical  investigation  into  that  of  experimental 
research.  Since  the  wave-motion  instrument  is  not  the  sea,  nor  the  navi- 
pendulum the  ship,  the  production  of  artificial  waves  in  experimental  tanks 
has  received  profound  attention.  Were  it  possible  to  produce  in  a  tank 
regular,  continuous,  and  well-proportioned  waves,  then  a  method  involving  a 
model  and  a  tank  could  be  devised,  whereby  on  a  small  scale  a  ship  and  its 
'  waters  could  be  represented,  and  so  the  problem  of  the  rolling  on  waves 
VOL.  XIX.— A. — 1916. 

Digitized  by  VjOOQIC 


422  SCIENCE  ASSTTRACra 

could  be  solved.  The  author  now  claims  all  difficulties  to  have  been  sur^ 
mounted,  and  a  tank  constructed  whereby  a  regular  wave  motion  of  a  limited 
mass  of  water  is  produced,  the  length,  height,  and  period  of  the  wave  being 
regulated  as  desired.  A  full  description  of  this  apparatus  is  given  illustrated 
by  diagrams  to  show  construction  principles,  and  instantaneous  photographs 
of  the  machine  in  operation  with  a  model  of  a  ship  freely  oscillating  on 
waves.  The  design  of  the  tank  is  founded  on  the  principle  that  in  the  wave 
motion  of  the  sea,  supposed  to  be  regular  and  without  disturbing  causes,  only 
the  undulated  profile  ',of  the  wave  advances  indefinitely  in  a  direction  per- 
pendicular to  that  of  the  crests  and  hollows,  whereas  any  mass  of  water  has  a 
circumscribed  and  well-defined  motion.  The  tank  is  then  constructed  so 
that  its  walls  are  made  to  take  a  continually  changing  distorted  shape,  by 
means  of  a  mechanism  external  to  the  tank  and  bearing  up  and  guiding  the 
sides  and  bottom  of  the  tank,  the  whole  system  being  so  contrived  that  the 
liquid  contained  in  the  tank  takes  a  regular  motion  exactly  resembling  that  of 
sea- waves.  The  mechanism  a£Fecting  its  walls  and  bottom  may  be  adjusted 
to  lend  itself  to  variable  arrangements,  so  that  the  regular  waves  pro- 
duced in-  the  liquid  may,  in  their  length  from  crest  to  crest,  and  in  tiieir 
height  from  crest  to  hollow,  conform  to  predetermined  dimensions.  The 
apparatus  furnishes  means  for  ascertaining  the  behaviour  of  ships  in  a 
seaway,  and  of  testing  the  greater  or  lesser  influence  on  the  rolling  of  any 
ship,  of  forms  of  hull,  arrangement  of  weights,  addition  of  bilge-keels,  and  the 
adoption  of  anti-rolling  tanks,  g3rroscopic  stabilitisers,  or  other  similar 
appliances.  H.  H.  Ho. 

1107.  Haloes  at  Fori  Worth  {Texas)  and  their  Relation  to  the  Subsequent 
Occurrence  of  Precipitation,  H.  H.  Martin.  (Monthly  Weather  ftev.  44. 
pp.  67-68,  Feb.,  1916.)— Gives  a  table  of  frequency  of  occurrence  of  solar 
and  lunar  haloes  at  Fort  Worth  for  each  month  from  1910  to  1915.  The 
mean  number  observed  in  the  calendar  months  varies  from  0*8  in  Sept.  to 
4*0  in  Jan.,  there  being  about  28  haloes  in  the  year  on  the  average.  26  %  of 
the  haloes  are  followed  by  rain  within  18  hours,  86  %  within  24  hours, -48  % 
within  86  hours,  and  69  %  within  48  hours.  82  %  are  not  followed  by  rain 
within  60  hours.  R.  C. 

1108.  Horizontal  Rainbows  on  Lake  Mendota,  C.  Juday.  (Monthly 
Weather  Rev.  44.  pp.  66-67,  Feb.,  1916.) — Gives  a  description  of  parabolic 
rainbows  seen  on  the  surface  of  Lake  Mendota,  usually  in  the  autumn. 
Each  bow  has  its  apex  in  front  of  and  near  the  observer,  who  has  his  back  to 
the  sun.  The  arms  of  the  bow  stretch  away  on  either  side.  One  example 
consisted  of  primary  and  secondary  bows.  The  primary  comprised  spectra 
of  colours  thrice  repeated,  the  x>rder  of  colours  being  red  outside  to  violet 
inside.  Outside  this  was  seen  a  portion  of  a  secondary  bow  in  which  the 
order  of  colours  was  reversed.  The  conditions  under  which  l>ows  are 
seen  are : — (a)  A  scum  or  film  on  the  surface  of  the  water,  which  may 
consist  of  an  oily  soot  or  of  plankton  organisms,  (b)  a  fog  which  deposits 
minute  drops  of  water  on  the  scum,  (c)  a  perfect  calm  which  facilitatos 
the  formation  of  the  scum  and  also  permits  the  globules  of  moisture  to 
remain  as  individual  droplets ;  (d)  a  bright  sun.  The  explanation  of  the  bow 
follows  the  lines  of  that  of  the  ordinary  rainbow.  The  parabpUc  (or  hyper- 
bolic) shape  is  the  section  of  the  colour  cones  by  the  surface  of  the  water. 

R.  C. 

1109.  Temperature  of  the  Ocean  below  the  6Q0-fathotn  Line  on  the  West  Coasi 
of  America.     A.  H.  Clark.     (Washington  Acad.  Sci.,  J.  6.  pp.  418-417,' 
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July  19, 1916.)— The  observations  upon  which  this  discussion  is  based  were 
made  from  the  Albatross  o£E  the  west  coast  of  America  from  Chile  to  the 
Behring  Sea. 

The  most  striking  feature  of  the  abyssal  temperatures  at  depths  exceeding 
2000  fathoms  is  the  small  range  of  maximum  variation,  which  is  about  1  dcg.  F. 
The  observed  temperature  at  each  depth  is  compared  with  the  average  for  all 
the  oceans  at  that  depth  as  obtained  by  Murray  and  Hjort,  and  the  following 
general  results  are  obtained  : — ^Temperatures  are  all  above  the  average  from 
Chile  to  the  Gulf  of  California,  and  are  all  below  the  average  from  the  Gulf  of 
California  to  the  Behring  Sea.  They  are  considerably  below  the'average  off 
South  California  and  the  Gulf  of  Alaska,  and  slightly  below  from  Central 
California  to  Alaska.  It  'is  supposed  that  the  equatorial  counter-current 
flowing  eastward  is  deflected  mainly  to  the  south  by  the  California  current 
flowing  southward,  and  that  this  condition  of  affairs  accounts  for  the  result 
given.  R.  C. 

1110.  Photographic  Determination  of  Latitude,  S.  Hirayama.  (Math. 
Phys.  Soc,  TOkyQ,  Proc.  8.  pp.  460-464,  June,  1916.)— A  description  is  given 
of  the  application  of  photography  with  an  ordinary  camera,  fitted  with  spirit- 
level  and  triangular  support,  to  the  determination  of  latitude,  with  special 
reference  to  its  applicability  to  exploration  work,  without  needing  any  know- 
ledge of  the  local  time  and  longitude.  The  examples  quoted  show  only  errors 
of  less  than  a  second  of  arc,  using  a  camera  lens  of  27*2  cm.  focal  length. 

C.  P.  B. 

1111.  Surface  Currents  of  Jupiter  during  1915-1916.  S.  Bolton.  (Roy. 
Astron.  Soc.,  M.N.  76.  pp.  684-636,  May,  1916.)— During  the  favourable 
opposition  of  Jupiter  in  1915,  2189  transits  of  dark  and  light  markings  were 
obtained  between  1915  Sept.  9  and  1916  Feb.  9,  made  with  the  26-in.  reflector 
at  Bramley,  near  Leeds.  The  more  prominent  phenomena  are  tabulated,  with 
the  resulting  rotation  periods.  The  spots  at  the  southern  edge  of  the  north 
equatorial  belt  exhibited  a  marked  acceleration  of  velocity,  while  the  corre- 
sponding ones  along  the  north  edge  of  the  south  equatorial  belt  moved  at  the 
normal  rate  of  9li.  50m.  27'8s.,  the  difference  between  the  two  currents  being 
2-9  sees.  The  spot  charts  show  the  inconsistency  of  the  rates  of  motion  of  the 
individual  spots  in  nearly  all  latitudes,  the  longitudinal  drift  even  of  the  Red 
Spot  never  for  any  considerable  period  remaining  constant.  C.  P.  B. 

1112.  Irregular  Variable  R,S,  Camelopardalis.  C.  Martin  and  H.  C. 
Plummer.  (Roy.  Astron.  Soc,  M.N.  76.  pp.  612-627,  May,  1916.)— The 
variability  of  this  star,  BD  -|-  79-286°  or  A.  G.  Kazan  1654,  was  discovered  from 
photographic  plates  by  Madame  Ceraski  in  1905.  The  observations  have  been 
made  during  more  than  four  years  by  means  of  photographs  taken  with  the 
15-in.  reflector  at  Dunsink.  During  this  interval  the  range  of  brightness  was 
never  more  than  one  magnitude,  from  9*7  to  107.  A  long  discussion  is  given 
of  the  analysis  of  the  observations  for  evidence  of  periods  from  40  to  960  days. 

C.  P.  B. 

1113.  Observations  of  V  Cassiopeice.  A.  N.  Brown.  (Roy.  Astron.  Soc, 
M.N.  76.  pp.  606-612,  May,  1916.)— A  table  is  given  of  242  observations  of  this 
long-period  variable,  discovered  by  Anderson  in  1898,  with  indications  of  9 
maxima  and  10  minima  occurring  between  1910  June  8  and  1916  April  14, 
which  are  shown  in  a  diagram.  The  deduced  period  is  2266 days.  (Harvard 
College  Observatory  period,  published  in  1907,  is  281*5  days.)  C.  P.  B. 
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1114.  Observations  of  Double  Star,  Krueger  60.  E.  E.  Barnard.  (Roy.- 
Astron.  Soc,  M.N.  76.  pp.  692-606,  May,  1916.)— Observations  of  this  star  are 
important  on  account  of  its  being  a  binary  S3rstem  in  comparatively  rapid 
motion,  and  also  because  of  its  relative  proximity  to  the  solar  system'.  A  table 
is  given  showing  measurements  of  position  angle,  distance,  and  hour  angle  for 
measurements  since  1909,  and  new  diagrams  are  given  showing  the  new 
determinations  of  orbit ;  also  reproductions  from  photographs  taken  with  the 
40-in.  Yerkes  refractor  in  1908  July  and  1915  Sept.,  showing  quite  clearly  the 
motion  of  the  closer  pair  with  respect  to  the  dbtant  companion,  and  also 
the  orbital  motion  of  the  components  of  the  closer  pair.  The  parallax  is 
+  0-249".  C.  P.  B. 

1115.  Galaxy  of  B  Stars.  C.  V.  L.  Charlier.  (Roy.  Astron.  Soc., 
M.N.  76.  pp.  589-592,  May,  1916.) — Examination  of  the  proper  motions 
and  radial  velocities  of  the  B  stars  shows  that  they  form  one  well-defined 
cluster,  which  from  a  relatively  dense  centre  gradually  grows  thinner  until  a 
distance  of  150-200  siriometres  is  reached,  after  which  no  more  of  these  stars 
are  found.  The  centre  of  the  cluster,  assumed  to  coincide  with  the  centre  of 
the  solar  universe,  is  in  the  direction  a  =  7*'/h. ;  a  =  —  55*6°,  in  the  constella- 
tion Carina,  and  is  about  18*2  siriometres  distant  from  the  sun.  Regarding  the 
distribution  of  the  stars  of  this  type,  the  cluster  has  an  extension  nearly  three 
times  as  great  in  the  Milky  Way  as  perpendicular  to  it.  Further  details  are  to 
be  published  in  a  complete  memoir  in  the  Lund  Observatory  Meddelande. 

C.  P.  B. 

1116.  Law  of  Distribution  in  Star  Clusters.  J.  H.  Jeans.  (Roy.  Astron. 
Soc.,  M.N.  76.  pp.  567-572,  May,  1916.)— In  a  star  cluster  having  a  steady 
state  the  form  must  be  spherical,  and  the  conditions  of  equilibrium  for  such 
globular  clusters  are  investigated.  The  result  indicates  that  the  density  in 
the  globular  cluster  falls  off  as  l/i^  at  great  distances  from  the  centre. 

C.  P.  B. 

1117.  Theory  of  Star-streaming.  J.  H.  Jeans.  (Roy.  Astron.  Soc.,  M.N. 
76.  pp.  552-567,  May,  1916.)— In  a  previous  paper  [Abs.  814  (1916)]  it  has 
been  shown  that  the  known  laws  of  star-streaming  could  not  be  interpreted 
in  terms  of  the  hypothesis  that  the  universe  had  already  reached  a  steady 
state.  Following  the  idea  of  the  stellar  universe  being  made  up  of  inter- 
mingling clusters,  an  analysis  is  made  of  the  dynamics  of  collision  when  one 
moving  cluster  encounters  another  moving  cluster  or  a  random  assemblage 
^f  stars,  with  the  determination  of  the  law  of  distribution  of  velocities  resulting 
from  the  phenomenon.  The  main  result  of  a  single  encounter  is  found  to  be 
a  spreading  out  of  the  cluster  into  a  disc,  which  will  continue  to  expand  as 
time  goes  on.  C.  P.  B. 

1118.  Aurora  Borealis  Observations  in  1918.  C.  Stdrmer.  (Terrest 
Magn.  21.  pp.  45-56,  June,  1916.)— Previous  communications  have  been  made 
on  part  of  the  material  accumulated  during  the  spring  of  1918  by  the  special 
expedition  to  Bossekop  and  Store  Koranes  [see  Abs.  815  (1916)].  The  present 
paper  deals  with  the  results  from  90  auroral  photographs  obtained  on  March  16, 
17, 18,  21,  22,  24,  and  29,  with  a  base  of  275  km.  The  altitudes  present  the 
same  general  features  as  before,  the  chief  characteristic  being  the  predomi- 
nance of  aurora  about  the  altitude  of  100-110  km.  Detailed  analysis  of  several 
typical  stereograms  furnishes  additional  support  to  the  author's  view  of  the 
presence  of  corpuscular  rays  in  the  atmosphere.  C.  P.  B, 
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1119.  Doubly  Refractive  Sol  of  Vanadium  Penioxide.  H.  R.  Kruyt.  (K. 
Akad.  Amsterdam,  Proc.  18.  No.  10.  pp.  1625-1681, 1916.)— Examination  of  a 
diluted  vanadium  pentoxide  sol  [compare  Diesselhorst  and  Freundlich,  Abs. 
671  (1916)]  in  the  cardioid  ultramicroscope  reveals  peculiar  interference 
images  consisting  of  long,  pale  blue  streaks,  at  least  20  times  as  long  as  wide, 
in  gentle  Brownian  movement  and  small  round,  briskly  moving  discs  inter- 
spersed. In  the  slit  ultramicroscope  with  a  Biltz  cuvette,  only  particles  in  a 
position  perpendicular  to  the  axis  of  the  illuminating  beam,  with  a  deviation 
of  at  most  80°,  are  seen.  Further,  under  the  influence  of  electric  cataphoresis, 
the  particles  range  themselves  parallel  to  the  direction  of  the  electric  current, 
so  that,  when  the  cataphoresis  is  brought  about  parallel  to  the  illuminating 
beam  all  elongated  particles  disappear  from  the  field  of  vision;  when  the 
current  is  broken  the  normal  image  reappears.  These  observations  confirm 
Diesselhorst  and  Freundlich's  hypothesis  and  the  author's  assumption  that 
the  elongated  particles  would  be  invisible  when  situated  with  their  long  axes 
parallel  to  that  of  the  illuminating  beam.  The  disappearance  of  the  inter- 
ference images  may  also  be  observed,  without  the  ultramicroscope,  by  means 
of  the  Tyndall  phenomenon.  T.  H.  P. 

1120.  Pressure  of  Light  by  Metal-foil  G.  D.  West.  (Phys.  Soc.,  Proc. 
28.  pp.  269-278,  Aug.,  1916.  Electrician,  77.  pp.  741-742,  Sept.  1,  1916. 
Abstract.)— The  pressure  of  the  radiation  emitted  by  a  carbon-filament  lamp 
at  a  distance  of  a  few  cm.  is  sufficient  to  cause  a  microscopically  measurable 
deflection  of  the  end  of  a  strip  of  gold-  or  aluminium-foil  suspended  in  a 
closed  test-tube.  By  this  means  the  radiation-pressure  may  be  measured, 
and  the  results  may  be  checked  by  a  comparison  with  the  energy  density  of 
the  radiation,  as  deduced  from  the  initial  rate  of  rise  of  temperature  of  an 
exposed  blackened  copper  plate. 

In  1918  experiments  were  recorded  carried  out  in  atmospheres  of  air  and 
hydrogen,  and  at  pressures  extending  from  76  cm.  to  1  cm.  of  mercury. 
The  present  paper  deals  with  experiments  at  pressures  from  1  cm.  of  mercury 
down  to  the  highest  exhaustions  that  could  be  reached. 

As  the  pressure  is  lowered  certain  gas-action  e£Fects  make  their  appear- 
ance, but,  inasmuch  as  there  is  no  appreciable  di£Ference  of  temperature 
on  the  two  sides  of  the  strip,  the  effects  are  somewhat  different  from  those 
which  occur  in  the  ordinary  type  of  Crookes'  radiometer.  When  the  surface 
of  the  strip  is  closer  to  one  side  of  the  containing  vessel  than  to  the  opposite 
side,  a  deflection  away  from  the  closer  side  occurs,  and  the  direction  of  this 
deflection  is  independent  of  the  side  of  the  strip  on  which  the  radiation  falls. 
With  a  symmetrically-placed  strip  the  deflection  should  be  negligibly  small. 
An  explanation  of  these  effects  is  suggested  in  the  present  paper,  and  a 
special  type  of  radiometer  described. 

The  nature  of  the  residual  gas  in  the  tube  does  not  seem  to  be  very 
important,  .but  it  is  found  that  the  repulsive  force  (or  thermo-kinetic 
reaction)  acting  on  the  strip  increases  with  decreasing  pressure,  until  a 
maximum  is  reached  at  about  0*002  cm.  of  mercury.  With  further  reduction 
of  pressure  a  progressive  decrease  takes  place. 

Experiments  on  the  pressure  of  light  may  be  advantageously  carried  out 
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as  far  below  the  maximum  as  possible,  or  as'far  above  the  maximum  as  con- 
vection currents  will  permit.  The  latter  alternative  is  the  easier,  and  has 
seemed  to  give  more  consistent  results.  .  E.  H.  B. 

1121.  Mechanical  Equivalent  of  Light.  H.  £.  Ives  and  £.  F.  Kingsbury. 
(Phys.  Rev.  8.  pp.  177-190,  Aug.,  1916.)— Describes  the  method  of  obtaining 
the  mechanical  equivalent  of  light  (m)  from  the  brightness  of  a  black  body 
and  shows  that  an  exact  value  cannot  be  expected  by  this  method  until  the 
black-body  constants  are  better  established  than  at  present    The  value  of  m 

is  given,  by  the  expresssion  (l/6ir)     JxLxrfX,  where  b  is  the   brightness,  in 

candles  per  unit  area,  of  the  radiator,  }x  is  the  rate  of  energy  emission  of  the 
radiator  for  the  wave-length  interval  d\,  at  the  wave-length  X,  in  watts  per 
unit  area,  Lx  is  the  luminosity  of  the  equal  energy  spectrum  at  any  wave- 
length, in  terms  of  Lx  (nu«.)  =  1,  and  w  is  the  f acton  transforming  total  (hemi- 
spherical) radiation,  to  radiation  per  steradian.  There  are  two  sets  of 
requirements  which  must  be  fulfilled  before  the  accurate  values  of  m  can  be 
expected.  These  are :  (1)  the  conditions  controlling  the  emission  of  energy 
{e,g.  temperature)  must  be  subject  to  accurate  measurement,  and  the  relation 
between  the  controlling  conditions  and  the  resultant  radiation  must  be 
accurately  known,  as,  for  instance,  by  a  formula  like  the  Planck  equation. 
The  values  of  the  constants  entering  into  this  relation  must  be  well  estab- 
lished. (2)  An  absolutely  essential  condition  is  that  the  photometric  method 
used  to  determine  the  brightness  of  the  radiator  shall  be  in  exact  agreement 
with  the  luminosity  curve  used  in  the  calculation  formula  (Lx).  It  is  pointed 
out  that  the  value  of  m  varies  directly  as  <r  (the  Stefan- Boltzmann  constant)  and 
that  this  value  has  been  as  much  as  10  %  in  doubt  until  quite  recently,  while 
the  present  uncertainty  in  the  value  of  d  in  the  Planck  equation  (14,200  to 
14,600)  corresponds  to  16  or  20  %  uncertainty  in  the  value  of  m.  It  is  clear, 
then,  that  even  when  the  photometric  part  of  the  work  meets  the  essential 
requirement  above  stated,  a  considerable  uncertainty  remains  on  the  purely 
physical  side.  As  a  consequence  the  method  cannot  be  expected  to  give,  as 
yet,  an  accurate  value  for  the  mechanical  equi\felent  of  light,  though  it  does 
serve  to  give  an  excellent  check  on  the  order  of  magnitude  of  this  con- 
stant. The  values  obtained  by  v.  Pirani  and  Miething  and  by  Meyer  [see 
Abs.  1485  (1916)  and  182  (1916)]  are  critically  discussed  on  this  basis  and  a 
new  set  of  experimental  determinations  is  described,  care  being  taken  to 
ensure  exact  correspondence  between  the  photometric  observations  and  the 
spectral  luminosity  curve  used  for  the  calculation  of  Lx.  These  experiments 
were  made  (1)  with  an  ordinary  black-body  furnace,  (2)  with  a  Pt  wedge,  and 
(8)  with  a  gold  wedge  black  body.  Using  probable  values  for  the  black-body 
constants,  the  mechanical  equivalent  of  light  was  found  to  lie  between 
0-00189  and  000196  watt  per  lumen,  where  "  light "  is  defined  by  the  spectral 
luminosity  curve  determined  by  Kingsbury  [see  Abs.  666  (1916)]. 

J.  W.  T.  W. 

1122.  Platinum  Standard  of  Light,  H.  E.  Ives.  (Lighting  J.  4.  pp.  150- 
152,  July,  1916.) — Summarises  past  work  on  the  VioUe  and  other  proposals 
for  a  platinum  standard  of  light,  and  suggests  the  use  of  a  standard  consisting 
of  a  black  body  maintained  at  the  temperature  of  melting  Pt  and  radiating 
one  watt  of  energy  in  the  luminous  part  of  the  spectrum.  One  of  the 
advantages  of  this  standard  is  that  it  matches  in  colour  the  4-watt  carbon 
standards  at  present  in  use.  J.  W.  T.  W. 
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1128.  CM  Light  Dussaud.  (Comptes  Rendus,  168.  pp.  29-80,  July  10, 
1916.) — Describes  an  arrangement  in  which  a  beam  of  light  traverses  two 
lenses  between  which  is  maintained  a  current  of  air  which  dissipates  the 
heat  energy  so  that  the  light  traversing  the  second  lens  is  practically  cold. 
By  means  of  such  a  light  it  is  possible  to  project  on  a  screen  in  a  lighted  room 
images  of  living  objects  or  of  the  pictures  in  a  book.  J.  W.  T.  W. 

1124.  The  Heterochromaiic  Brightness  Discrimination  Threshold,  L.  T. 
Troland.  (Frank.  Inst.,  J,  182.  pp.  112-114,  July,  1916.)— WhUe  it  is 
difficult  to  make  a  positive  judgment  of  the  exact  point  of  equality  of  bright- 
ness in  the  case  of  two  difiEerent  colours,  it  is  easy  to  establish  the  point  at 
which  inequality  of  brightness  clearly  exists.  Consequently  for  any  pair  of 
colours  a  brightness  discrimination  threshold,  which  is  a  function  of  the 
variation  between  them,  can  be  determined.  In  these  investigations  four 
standard  wave-lengths,  namely  698,  676,  606,  and  476  /i/i,  were  selected  and 
were  compared  in  turn  with  each  other  and  with  nine  additional  intermediate 
colours.  The  relative  intensities  were  found  at  which  the  standard  colour 
was  (a)  just  noticeably  brighter,  (6)  just  not  noticeably  brighter,  (c)  just 
noticeably  darker,  and  (tQ  just  not  noticeably  darker.  From'  these  four 
values  the  fractional  threshold  of  brightness  discrimination  can  be  deter- 
mined. Results  were  obtained  for  an  experienced  and  an  inexperienced 
observer  and  are  assembled  in  tabular  form.  The  highest  value  of  the 
Uireshold  recorded  is  approximately  seven  times  that  characteristic  of 
homochromatic  comparison.  J.  S.  D. 

1125.  Image  Formation  by  Crystalline  Media,  H.  F.  Dawes.  (Phil. 
Mag.  82.  pp.  248-261,  Aug.,  1916.) — Laws  for  the  image  position  are  developed 
for  a  number  of  typical  cases  of  image  formation  by  the  extraordinary  ray  in 
uniaxial  cr3rstals.  In  the  examples  of  light  travelling  along  the  axis  of  the 
crystal,  the  thickness  of  the  crystal  traversed  enters  into  the  expressions  for 
image  position  as  if  the  index  were  n|/ni  as  compared  with  isotropic  sub- 
stances ;  ni  and  nt  are  the  principal  indices  of  the  crystal.  This  quantity 
may  be  considered  as  a  sort  of  pseudo-index  applicable  to  such  cases.  It  is 
shown  that  lenses  of  crystal  will  in  general  form  two  series  of  images,  corre- 
sponding to  the  two  sets  of  waves  ;  the  laws  for  the  image  series  due  to  the 
extraordinary  waves  correspond  to  those  for  lenses  of  isotropic  substances, 
and  expressions  are  found  for  the  dioptric  power.  The  question  of  the  use 
of  crystal  components  in  lens  systems  is  also  considered  briefly.  A.  W. 

1126.  Black  Backgrounds  for  Opaque  Microscopic  Objects,  J.  Mcintosh. 
(Phot  J.  66.  pp.  186-140  ;  Disc,  140-145,  April,  1916.)— Discussion  of  various 
methods ;  method  of  preparing  brass  blackened  by  chloride  of  antimony. 

A.  D. 

1127.  A  New  Modification  of  the  lonisation  Method  of  Measuring  X-rays, 
H.  E.  Donnithorne.  (Rontgen  Soc,  J.  12.  pp.  77-81 ;  Disc,  81-88,  July, 
1916.) — ^A  method  of  estimating  the  output  of  an  X-ray  tube  is  described 
which,  it  is  claimed,  gets  over  some  of  the  difficulties  experienced  hitherto 
in  such  measurements.  The  rays  are  passed  into  a  cell  consisting  of  a  flat 
lonisation  chamber  whose  electrodes  have  been  treated  with  a  substance  to 
increase  the  ionisation  currents.  This  is  connected  by  a  lead  to  a  galvano- 
meter, the  lead  being  guarded  in  the  usual  way  by  an  earthed  tube.  The 
cell  is  placed  where  the  photographic  plate  is  to  go  and  a  reading  taken. 
From  this  the  proper  exposure  can  be  estimated.    Another  method  is  to  put 
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the  cell  directiy  behind  the  plate  when  ready  to  be  exposed,  so  that  the  rays 
pass  throagh  it  after  traversing  the  plate.  In  this  case  the  exposure  is  made 
whilst  the  reading  of  the  galvanometer  is  taken.  As  the  measurement  of  the 
rays  is  made  after  the  rays  have  passed  through  the  body  to  be  photographed, 
all  difficulty  as  to  estimating  the  quantity  absorbed  by  the  body  disappears. 
Results  obtained  with  the  instrument  are  compared  with  those  observed 
simultaneously  on  other  types  of  instruments.  £•  A.  O. 

1128.  Passage  of  X-rays  through  Narrow  Apertures,  E.  G.  Taylor. 
(Phys.  Rev.  8.  pp.  207-208,  Aug.,  1916.  Phys.  Zeits.  17.  pp.  816-818,  July  16, 
1916.)— Laub  [Abs.  677,  868,  1424  (1914),  1678  (1916)],  as  a  result 
of  experiments  in  which  X-rays  were  allowed  to  pass  the  boundaries 
of  various  opaque  substances,  advanced  the  h3rpothesis  that  the  photo- 
graphic records  obtained  were  essentially  a  "diffraction"  effect.  He 
assumed  that  in  the  mechanical  production  of  the  apertures  micro-cr3rsta}line 
structures  were  formed  on  the  aperture  surface  and  the  X-rays  were 
diffracted  by  these  crystals.  The  author  now  suggests  a  much  simpler 
alternative  hypothesis  and  produces  photographs  in  support  of  his  views. 
He  considers  that  the  "  diffraction  "  bands  observed  are  the  astigmatic  slit- 
hole  images  of  radiating  areas  of  unequal  intensity  in  the  focal  region  of  the 
antikathode.  A.  B.  W. 


1129.  X-ray  Spectra  of  the  Elements  Na  to  Cr,  M.  Siegbahn  and  W. 
Stenstrdm.  (Phys.  Zeits.  17.  pp.  818-819,  July  16, 1916.)— In  an  earlier  paper 
[Abs.  680  (1916)]  a  description  was  given  of  a  determination  of  the  X-ray 
spectra  (K  series)  of  the  elements  Ce  and  Cr.  With  the  latter  element  the 
absorption  in  the  X-ray  tube  and  in  air  becomes  serious,  and  modifications 
in  the  previous  method  become  essential. '  The  results  of  the  research  are 
included  in  the  subjoined  table. 


X  X  30^  cm. 

Element. 

aa- 

a,. 

03. 

«4- 

fiv 

fi^ 

26  Fe  

1-982 
2097 
2-288 
2-602 
2-746 
8082 
8-369 
8*788 

1-928 
2-098 
2-284 
2-498 
2-742 
8-028 
8-866 
ft-7fl5 

2-729 
8-011 
8-828 
8-724 

4-692 

1-748 
1-902 
2079 
2-281 
2-609 
2-778 
8086 
8449 

4-894 
6-018 
6-808 
6-769 
7-986 
9-477 

1-786 

26  Mn 

1-892 

24  Cr    

2*069 

28  Va  

22  Ti    

2*492 

21  Se    

20  Ca   

8-074 

19  K     < 

18  Ar    

4-712 
6-860 
6168 
7-181 
8-860 
9-91  i> 

17  CI    

16  S     

6-817 
6-129 
7-088 
8810 
9-866 

6-814 
6122 
7-080 
8-800 
9*846 

(6*029) 
(6-868) 

16  P     

14  Si     

18  Al    

12  Mg  

11  Na   

11-9 

61 

A.  B.  W. 

1130.  Interference  of  X-rays — employing  Amorphous  Substances.    P.  Debye 
and  P.  Sherrer.    (Phys.  Zeits.  17.  pp.  277-288,  July  1, 1916.)— In  an  earlier 
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publication  [see  Abs.  1271  (1915)]  one  of  the  authors  suggested  that  it  may  be 
possible  to-determine  experimentally  not  only  the  number,  but  also  the  order 
of  arrangement  of  the  electrons  inside  an  atom.  To  prove  the  existence  of 
such  an  orderly  arrangement  of  electrons  the  use  of  crystalline  substances  is, 
of  course,  impossible,  as  the  results  would  be  complicated  by  the  efFects 
'  produced  by  an  orderly  arrangement  of  atoms.  To  overcome  this  difficulty, 
the  authors  propose  to  use  a  collection  of  atoms  irregularly  orientated  with 
regard  to  each  other,  ue.  to  use  non-crystalline,  or  amorphous,  substances. 
With  the  above  object  in  view  the  experiments  described  in  the  present 
paper  have  been  carried  out.  The  following  substances  were  used  in  the 
investigation  :  graphite,  amorphous  boron,  amorphous  silicon,  lithium 
fluoride,  etc.  These  substances  were  pulverised  and  pressed  into  cylindri- 
cal rods  of  2  mm.  diam.  and  10  mm.  length.  One  of  these  rods  was 
placed  in  the  middle  of  a  cylindrical  camera  of  57  mm.  diam.  After 
passing  through  a  long  lead  tut>e  of  2*5  mm.  bore,  a  beam  of  homogeneous 
X-rays  falls  on  the  rod,  the  reflected  beam  being  photographically  recorded 
on  two  curved  pieces  of  film  lying  on  the  cylindrical  walls  of  the  camera. 
In  this  manner  the  radiation  can  be  collected  over  an  angular  range  extending 
from  90°  to  171°,  corresponding  to  a  length  of  film  of  iBO  nmi.  The  resulting 
photographs,  of  which  excellent  reproductions  are  shown,  consist  of  a 
symmetrical  arrangement  of  sharp  lines,  bearing  some  resemblance  to  the 
pattern  produced  when  polarised  light  traverses  a  biaxial  crystal. 

A  theoretical  discussion  is  given,  and  the  experimental  results  are  analysed 
in  detail.  The  values  of  " a"  the  length  of  the  side  of  the  elementary  cube, 
are  calculated  for  the  elements  Li,  Si,  and  C. 

For  Li,  fl==414  X  10-«cm.;  for  Si,  a  =  5*46  X  10"*  cm. ;  and  for  C, 
aBs4*69  X  10~®  cm.  The  shortest  distance  apart  of  the  silicon  atoms  is 
shown  to  be  288  X  10-« cm.  A.  B.  W. 

RADIO-ACTIVITY. 

1131.  Extraction  and  Recovery  of  Radium,  Uranium,  and  Vanadium  from 
Carnoiite,  C.  L.  Parsons,  R.  B.  Moore,  S.  C.  Lind,  and  O.  C. 
Schaefer.  (Bureau  of  Mines,  Bull.  104.  [124  pp.],  1915.)— This  publica- 
tion gives  a  detailed  description  of  the  commercial  separation  of  radium 
from  carnotite.  The  work  has  been  carried  out  as  a  result  of  a  co-operative 
agreement  of  the  National  Radium  Institute  and  the  Bureau  of  Mines. 
After  a  lengthy  introduction,  in  which  the  details  of  the  plant,  etc.,  are  con- 
sidered, the  different  methods  of  treating  radium  ores  are  given  in  great 
detail.  Especial  emphasis  is  laid  on  the  Bureau-  of  Mines  method  for 
treating  carnotite.  This  is  followed  by  a  description  of  the  methods  of 
refining  radium.  Methods  of  measuring  quantities  of  radium,  recoveries  and 
losses  in  the  various  manufacturing  processes,  and  cost  data  are  fully 
discussed. 

A  comprehensive  abstract  of  this  paper  is  impossible  ;  reference  should 
be  made  to  the  original.  A.  B.  W. 

1132.  Photo-electric  Effect  and  fi-radiation  of  Radio-active  Substances, 
P.  S.  Epstein.  (Phys.  Zeits.  17.  pp.  818-816,  July  15, 1916.)— A  theoretical 
paper  dealing  with  the  application  of  the  quantum  theory  to  the  "  Rutherford- 
Bohr  "  atom.  A.  B.  W. 
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1138.  Specific  Heat  at  Low  Temperatures,  III.  Specific  Heat  of  Solid 
Nitrogen  between  14PK,  and  the  Triple  Point  and  of  Liquid  Nitrogen  between  the 
Triple  Point  and  the  Boiling-point  W.  H.  K^som  and  H.  K.  Onnes. 
(K.  Akad.  Amsterdam,  Proc.  18.  No.  8.  pp.  1247-1255,  1916.  Comm. 
No.  149a.  from  the  Phys.  Lab.,  Leiden.) — By  means  of  a  special  apparatus, 
described  in  detail,  the  specific  heate  of  solid  and  liqaid  nitrogen  have  been 
measured,  the  results  agreeing  in  general  with  those  recently  obtained  by 
Eucken  (Deut.  Phys.  Gesell.,  Verh.,  Jan.  15,  1916).  The  triple  point  of 
nitrogen  is  found  to  be  68'06°  K.  [see  Fischer  and  Alt,  Abs.  1029  (1908) ; 
Hoist,  Abs.  212  (1916)].  The  results  obtained  with  solid  nitrogen,  particu- 
larly the  specific  heats  at  liquid  hydrogen  temperatures— at  which  (C^  —  Cv) 
very  prol^bly  has  still  small  values — show  that  the  behaviour  of  nitrogen 
di£Fers  from  that  of  solid  monatomic  substances  such  as  copper,  lead,  etc. 
Hence  nitrogen  in  the  solid  state  is  presumably  diatomic,  that  is,  the  crystal 
space-lattice  is  composed  of  two  point-S3rstems  placed  one  inside  the  other  so 
that  a  new  frequency  is  introduced  by  the  vibrations  of  the  two  point- 
systems  with  respect  to  each  other.  The  atomic  heat  of  solid  nitrogen  varies 
from  1-60  at  15-2r*  K.  to  5-48  at  61-68°  K.,  that  of  liquid  nitrogen  at  68-96- 
7649° K.  being  6-48-6-87  ;  thus  the  sudden  increase  of  the  atomic  heat  at  the 
triple  point  is  about  1*8  gm.  cals.  The  values  found  for  the  specific  heat  of 
liquid  nitrogen,  0-46SW)-490,  are  considerably  higher  than  Alt's  mean  value, 
0-480,  at  65-77°  K.  T.  H.  P. 

1134.  Generic  Entropy  and  Gaseous  Mixtures,  £.  Guillautne. 
(Archives  des  Sciences,  41.  pp.  445-456,  June,  1916.)— The  author  has 
previously  deduced  formulae  for  the  "statistical  entropy"  of  a  monatomic 
gaseous  mass  [see  Abs.  1606  (1915)].  When,  however,  the  results  generally 
admitted  in  classical  thermodynamics  are  compared  with  the  consequences 
of  the  statistical  theory,  many  difi&culties  are  encountered.  In  the  present 
communication  some  of  these,  including  the  "  paradox  of  Gibbs,''  are  dis- 
cussed, the  paper  t>eing  highly  mathematical  It  is  concluded  that  the 
statistical  theory  is  in  perfect  accord  with  the  general  results  connected  with 
the  principles  of  entropy  in  the  case  of  a  gas,  and  that  no  additional 
hypotheses  need  be  invoked.  T.  B. 

1136.  Press  for  Studying  Melting-points  and  Transition  Phenomena,  E. 
J2Lnecke.  (Zeits.  Phys.  Chem.  90.  pp.  257-264,  Sept.  24,  1916.)— An 
electrically-heated  press  for  pressures  up  to  80,000  kg.,  first  designed  for 
studying  fusion  phenomena  in  natural  and  artificial  potassium  salts,  has  been 
found  useful  for  determining  melting-points  and  transition  phenomena  of 
salts,  metals,  and  alloys.  The  press,  ♦  made  by  Amsler,  is  a  vertical  steel 
cylinder  140  mm.  high,  80  mm.  bore,  in  which  three  steel  blocks  are  super- 
posed on  one  another.  The  substance  rests  on  the  top  block  underneath 
the  plunger,  which  is  worked  by  oil ;  the  ithree  blocks  are  so  perforated 
that  the  melting  substance  can  flow  down,  but  that  solid  particles  cannot 
drop.  Melting  or  transition  is  marked  by  a  change  in  the  pressure  which  is 
recorded  by  the  pendulum  manometer  of  Amsler,  correct  within  0*05  %  at 
VOL.  XIX.— A,— 1916, 


Digitized  by  VjOOQIC 


HEAT.  431 

700  kg./cm.'.  A  chrome-nickel  resistance  furnace  is  slipped  over  the  press 
within  its  frame,  temperatures  being  measured  by  a  copper-constantan 
couple.  H.  B. 

1136.  Determination  of  the  Melting-points  of  Gypsum,  Soda,  Borax,  Copper 
Sulphate,  Carnalltte,  etc  E.  JJlnecke.  (Zeits.  Phys.  Chem.  90.  pp.  266-279, 
Sept.  24, 1916.)— Using  the  press  described  [see  preceding  Abs.j  and  about 
20  gm.  of  substance,  previously  compressed  sometimes,  the  author  finds  that 
gypsum  CaS04,  2HfO,  begins  to  soften  above  81°  under  a  pressure  of  about 
2760  kg.  (applied  in  steps  of  260  kg.),  melts  and  is  converted  into  CaSOi,  iHtO ; 
NajCOj,  2HfO  melted  at  107°  and  became  anhydrous;  BaCl,,  H,0  also 
melted  and  lost  its  water  at  100°.  NasBiOr  was  converted  into  a  sali  with 
8HfO.  Copper  sulphate  showed  the  three  hydrates  already  known  and 
probably  a  fourth,  CuSOi,  iHtO.  Carnallite,  KCl .  MgClj .  6H,0,  was  fused 
under  pressure  at  168°;  after  removal  of  the  residue  by  increasing  the 
pressure,  KCl  alone  was  left.  ,  H.  B. 

1137.  On  the  Kinetic  Theory  of  Evaporation,  A.  March.  (Phys.  Zeits.  17, 
pp.  299-802,  July  16,  1916.)— The  determination  of  the  dependence  of  the 
pressure  of  saturated  vapours  on  temperature  has.  been  the  object  of  much 
theoretical  investigation.  Those  attempts  proceeding  purely  from  the 
thermod3rnamical  standpoint  assume  the  heat  of  evaporation  to  be  a  linear 
function  of  the  temperature,  apply  the  laws  for  a  perfect  gas  to  vapours,  and 
neglect  the  specific  volume  of  the  liquid  in  comparison  with  that  of  the  gas. 
The  general  result,  known  as  the  Dupre-Rankin  equation,  is  of  the  form 
log^=A— B/T— ClogT,  where  ^  is  the  vapour  pressure,  T  the  absolute 
temperature,  and  |A,  B,  C  are  constants,  land  this  is  in  excellent  agreement 
with  experiment  if  the  values  of  the  constants  are  determined  from  observed 
data.  On  the  other  hand,  attempts  have  hitherto  failed  to  deduce  the 
constants  from  purely  theoretical  thermodynamical  grounds.  The  present 
author  here  considers  the  theory  from  the  molecular  kinetic  standpoint.  He 
finds  that  the  heat  of  evaporation  and  the  specific  volume  must  be  determined 
as  functions  of  the  temperature,  and  to  determine  the  vapour-pressure  law  he 
describes  at  some  length  a  molecular^  mechanical  model  based  on  critical 
data.  The  result  of  the  investigation  is  to  establish  van  der  Wsuils'  vapour- 
pressure  formula.  H.  H.  Ho. 

1138.  Electrodynamic  Interpretation  of  Planck's  Constant  **h"  A.  L. 
Bernoulli.  (Archives  des  Sciences,  42.  pp.  24-81,  July,  1916.)— For  giving  an 
electrodynamic  interpretation  to  Planck's  constant  "  h,"  the  author  introduces 
a  new  principle  which  he  terms  the  "  Principle  of  the  Universal  Flux  of 
Induction,"  and  which  he  defines  as  follows : — "  If  electrons  are  moving  in 
identical  closed  trajectories  in  a  molecular  magnetic  field,  the  number  of 
lines  of  force  cut  by  the  radii  vectores  at  each  revolution  is  one  and  the  same 
universal  constant."  In  other  words,  all  the  electrpn-resonators  are  traversed 
by  a  like  tube  of  magnetic  force.  The  author  finds  that  the  product  of  the 
induction  flux  and  the  charge  is  a  number  which  agrees  not  only  in  respect 
to  dimensions  with  Planck's  constant,  but  also  as  regards  magnitude.  Bohr's 
hypothesis  to  explain  his  results  with  respect  to  spectral  series  and  atomic 
constitution  is  found  to  be  a  consequence  of  this  new  electrodynamical 
principle.  Also  the  first  constant  of  the  principal  series  in  the  formula  of 
Kayser  and  Runge  is  found  to  be  practically  identicsd  with  the  product  of  the 
mean  free  path  and  the  specific  mass.    A  formula  is  also  derived  for  the  mass 
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of  a  gaseous  molecule.    The  agreement  between  theory  and  experiment  is 
very  close,  and  is  shown  by  the  numerous  tables  included  in  the  paper. 

H.  H.  Ho. 

1139.  Criteria  for  Grey  Radiation.  P.  G.  Nutting.  (Washington  Acad. 
Sci.,  J.  6.  pp.  476-478,  Aug.  19,  1916.)— If  the  logarithm  of  the  energy 
radiated  from  a  body  within  a  short  range  of  wave-lengths  be  plotted  against 
the  reciprocal  of  the  absolute  temperature  the  result  is  known  to  be  a  sensibly 
straight  line  over  a  wide  range  of  temperatures.  These  logarithmic  isochro- 
matic  lines  pass  through  a  common  point  in  some  cases,  and  not  in  others, 
and  it  has  been  assumed  [see  Abs.  1699  (1916)]  that  this  stigmatic  condition 
is  characteristic  of  grey  radiation,  while  the  lack  of  it  means  that  the  radiation 
is  selective.  Hyde  concludes  [Abs.  698  (1916)]  that  the  stigmaticT condition 
is  insufficient  as  a  criterion  for  greyness,  while  Foote  and  Fairchild  have 
shown  further  [Abs.  708  (1916)]  that  the  stigmatic  condition  may  hold  even 
for  a  body  known  to  be  strongly  selective.  The  question  is  treated  mathe- 
matically in  the  paper,  and  it  is  shown  that  the  logarithmic  isochromatic  lines 
representing  equilibrium  radiation  do  not  form  a  stigmatic  pencil  except  for 
a  limited  range  of  wave-lengths.  For  free  radiation,  the  stigmatic  condition 
gives  an  equation  known  to  be  of  wide  validity.  The  stigmatic  condition 
and  the  condition  for  greyness  may  both  be  satisfied,  but  either  may  hold 
without  the  other.  J.  W.  T.  W. 

1140.  A  Method  of  deriving  Planck's  Law  of  Radiation.  G.  Green.  (Phil. 
Mag.  82.  pp.  229-282,  Aug.,  1916.)— The  method  described  by  the  author  was 
suggested  by  Rayleigh's  paper  on  "  The  Dynamical  Theory  of  Gases  and  of 
Radiation."  The  author  assumes  the  radiating  body  to  be  a  gas  contained  in 
a  perfectly  reflecting  enclosure  in  thermal  equilibrium,  and  consisting  of 
molecules  having  internal  modes  of  vibration  which  are  identical  with  the 
modes  of  vibration  of  unit  volume  of  ether.  No  molecule  is  assumed  to  emit 
radiation  in  any  mode  until  the  total  energy  in  that  mode  is  hf  where  A  is  a 
constant  and/  the  frequency  of  the  mode.  Maxwell's  law  of  distribution  of 
velocities  is  taken  to  hold  throughout  the  gas,  and  implies  an  equilibrium 
condition  within  the  enclosure  maintained  by  collisions,  statistically  regular 
absorption,  and  sudden  emission  in  each  mode  when  the  limiting  energy  is 
reached.  With  these  assumptions  Planck's  law  is  then  derived.  Although 
the  existence  of  a  limiting  energy  in  each  mode  is  necessary,  yet  the  author 
opines  that  the  emission  of  energy  need  not  take  place  suddenly  when  the 
limiting  energy  is  reached.  Emission  and  absorption  may  be  continuous 
processes,  and  the  attainment  of  the  limiting  energy  condition  may  involve 
some  other  action  than  that  postulated,  such  as  the  disruption  of  the  mole- 
cular system  with  possibly  very  little  transference  of  energy  to  the  ether. 

H.  H.  Ho. 
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1141.  Energy  acquired  by  Small  Resonators  from  Incident  Waves  of  Like 
Period.  Rayleigh.  (Phil.  Mag.  82.  pp.  18&-l90^Apg.,  1916.)— In  discussions 
on  photo-electricity  it  is  often  ^sumed  that  a  resonator  can  operate  only 
upon  so  much  of  the  radiation  incident  upon  it  as  corresponds  to  its  own 
cross-section,  [See  Abs.  718  (1916).]  As  a  general  proposition  •  this  is 
certainly  not  true,  and  may  indeed  differ  from  the  truth  very  widely.  Since 
1878  it  has  been  known  than  an  ideal  infinitely  small  acoustical  resonator  may 
disperse  energy  corresponding  to  an  area  of  wave-front  of  the  primary  waves 
equal  to  X'/fl",  (where  X  is  the  wave-length),  an  efficiency  exceeding  to  any 
extent  the  limit  fixed  by  the  above-mentioned  rule.  The  questions  of  how 
much  energy  can  be  absorbed  into  the  resonator  itself,  and  how  long  the  ab- 
sorption may  take,  are  a  little  different,  but  they  can  be  treated  without 
difficulty  by  the  method  explained  in  a  recent  paper  [see  Abs.  844  (1915)] . 
In  this  way  the  author  finds  that  the  resonator  is  able  to  capture  an  amount 
of  energy  equal  to  that  passing  in  the  same  time  through  an  area  of 
primary  wave-front  comparable  with  X'/ir,  an  area  which  may  exceed  any 
number  of  times  the^cross-section  of  the  resonator  itself.  E.  H.  B. 

1142.  Piano  with  Electrically -sustained  Notes.  (Engineering,  102.  p.  210, 
Sept.  i,  1916.-)— This  device  was  invented  by  Maitre  and  Martin,  and  a  paper 
upon  it  was  read  by  H.  Bevierre  before  the  Society  of  Civil  Engineers  of 
France  at  Paris  in  July  1914.  It  is  designed  to  sustain  the  notes  of  pianos  or 
increase  their  sonorousness,  a  demonstration  of  a  piano  fitted  with  the  device 
accompanying  the  paper.  The  device  consists  of  two  electromagnets,  a 
battery,  and  the  accessory  contacts  and  connections.  One  of  the  electro- 
magnets is  small  and  referred  to  as  the  exciter ;  the  other  is  large  and  may 
be  called  the  mainiainer:  the  two  are  in  series  with  each  other  and  the 
source  of  current.  The  exciter  suffers  interruptions  of  the  current  as  the 
piano  wire  vibrates,  because  the  wire  forms  part  of  the  circuit.  The 
maintainer  accordingly  suffers  interruptions  also,  and  its  position  on  the 
opposite  side  of  the  wire  is  such  that  the  vibrations  of  the  piano  wire  are 
maintained.  For  a  pianissimo  effect,  resistance  is  introduced  into  the  circqit 
of  the  electromagnets.  E.  H.  B. 

1143.  Properties  of  the  Law  of  Resonance  of  Sounding  Bodies.  G.  Sizes. 
(Comptes  Rendus,  162.  pp.  634-687,  April  25,  1916.)— Following  previous 
work  in  the  detection  of  many  partial  tones  ia  sounding  bodies,  the  author 
now  points  out  various  numerical  relations  between  them  and  the  notes  of 
the  scale  in  different  octaves.    [See  Abs.  856  (1916).]  E.  H.  B. 

1144.  Acuteness  of  Hearing  :  Deafness  true  and  Apparent  from  Wounds  in 
Action.  Marage.  (Journ.  de  Physique,  6.  pp.  29-48,  Jan.-Feb.,  1916.)— 
Discusses  and  analyses  the  cases  of  true  and  apparent  deafness  following 
upon  wounds  received  in  action,  and  the  restorative  treatment  by  means 
of  a  set  of  five  vowel  sirens.  '  E.  H.  B. 

1145.  Projection  of  Mongers  Experiment.  G.  Meslin.  (Journ.  de  Physique, 
6.  pp.  44-46,  Jan.-Feb.,  1916.) — Describes  by  aid  of  diagrams  a  method  of 
projection  suitable  for  demonstration  of  Monge's  experiment  to  an  audience. 

E.  H.  B. 
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THEORY,  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

1146.  Mutual  Magnetic  Energy  oj  Tivo  Moving  Point-charges.  A. 
Anderson.  (Phil.  Mag.  82.  pp.  190-194,  Aug.,  1916.)— The  method  here 
given  of  finding  the  mutual  magnetic  energy  of  two  moving  point-charges 
of  electricity  is  elementary.  It  does  not  claim  to  have  the  elegance  of 
Heaviside's  method.  It  is,  however,  a  confirmation  of  his  result  by  simple 
mathematics,  in  which  there  are  no  vector  potentials,  no  curls  of  any  kind, 
and  no  trouble  of  adjusting  the  vector  potential  to  make  the  space  integral  ai 
the  scalar  product  of  it  and  the  magnetic  force  vanish  for  the  pc^ar,  or 
displacement,  currents  in  the  medium.  £.  H.  B. 


DISCHARGE  AND  OSCILLATIONS. 

1147.  Small  Discharges  in  Dark  Photoelectric  Cells.  J.  Elster  and  H. 
Geitel.  (Phys.  Zeits.  17.  pp.  268-276,  July  1,  1916.)— When  the  negative 
potential  of  an  alkali-metal  kathode  in  a  vacuum  tube  is  gradually  raised  until 
a  continuous  discharge  sets  in,  slight  current  pulses  are  observed  before  the 
potential  is  sufficient  to  make  the  discharge  continuous.  These  pulses 
become  more  rapid  and  also  feebler  on  admitting  an  extremely  feeble 
amount  of  light  to  the  tube.  The  authors  investigated  this  phenomenon 
by  means  of  a  single-fibre  electrometer  showing  10  scale  divisions  to  the 
volt.  The  results  go  to  corroborate  E.  Meyer's  theory,  according  to  which 
certain  electrons  acquire  sufficient  energy  for  shock-ionisation  even  at  p.d«'s 
below  the  ordinary  discharge  potentiaL  These  electrons  are  either  photo- 
electrons  or  (when  radium  is  present)  ^-rays.  That  they  also  occur  in  the 
**  dark  "  is  probably  attributable  to  very  slight  illumination  due  to  phosphor- 
escence of  the  gas  or  the  glass.  Similar  current  pulses  can  be  obtained 
by  using  silver  kathodes  without  alkali-metal  deposits,  but  only  after  a 
preliminary  glow  discharge.  The  authors  attribute  this  to  the  deposition 
ol  photoelectric  traces  of  alkali  metals  by  decomposition  of  impurities  in  the 
tube.  The  current  pulses  are  a  very  sensitive  criterion  for  the  presence 
of  light  The  authors  proved  this  by  reducing  the  light  by  successive 
concentrations  of  Indian  ink  in  an  absorbing  vessel.  They  found  that  the 
light  could  thus  be  reduced  to  1/100000  of  its  original  intensity,  and  that 
on  adding  equal  quantities  of  ink  the  photoelectric  currents  decreased  in 
a  geometrical  series.  The  minimum  energy  thus  observable  was  8  x  10"^ 
erg  cm.-*  sec.-*  in  the  case  of  blue  light,  and  2  x  10"^  erg  cm.-*  sec.-*  in  the 
case  of  orange  light.  The  photoelectric  effect  remains  proportional  to  the 
light  intensity  even  at  these  feeble  illuminations.  As  in  the  case  of  selenium, 
the  electric  discovery  of  light  is  possible  beyond  the  limits  of  ocular  percep- 
tion, especially  in  the  case  of  luminous  surfaces  rather  than  points.  Special 
experiments  showed  also  that  the  reflection  of  very  small  quantities  of  light  is 
independent  of  the  sign  of  the  charge  of  an  alkali-metal  surface.  This  proves  ^ 
again  that  the  photo-electrons  derive  their  entire  energy,  from  the  incident 
light  E.  E.  F. 
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1148.  Hypothesis  of  a  Molecular  Electrostatic  Field  in  Compressed  Gases 
and  the  Disruptive  Discharge,  C.  E.  Guye.  (Archives  des  Sciences,  42. 
pp.  14-19,  July,  1916.)— In  previous  work  [see  Abs.  1464  (1905)]  it  has  been 
shown  that  in  the  vicinity  of  the  maximum  of  compressibility  of  nitrogen,  the 
explosive  potential  has  passed  a  maximum.  It  may  seem  strange,  at  first 
sight,  when  considered  from  the  standpoint  of  the  theory  of  the  disruptive 
discharge  based  upon  ionisation  by  collision,  that  the  explosive  potential 
should  not  continually  increase  in  proportion  to  the  pressure  increase,  and 
the  present  author,  in  search  of  an  explanation,  has  contemplated  the  existence 
of  a  molecular  electrostatic  field  in  the  interior  of  a  compressed  fluid,  whose 
action  added  to  that  of  the  external  field  would  thereby  facilitate  ionisation 
by  collision  and  the  passage  of  the  disruptive  discharge.  Although  at  the 
present  experimental  stage  it  has  not  been  possible  to  fix  the  strength  of  this 
field,  yet  the  author  considers  a  number  of  particular  cases  which  are  capable 
of  theoretical  investigation  in  the  hope  of  experimental  verification  later. 
The  case  of  a  perfect  gas  whose  molecules  are  far  apart  first  receives 
attention,  and  it  is  found  that  this  field  is  inversely  proportional  to  the 
free  path  of  the  ion  between  two  collisions,  i.e.  proportional  to  the  number 
of  gas  molecules  per  unit  of  volume.  The  next  case  to  be  treated  is  where 
the  fluid  is  sufficiently  dense  for  the  spheres  of  action  to  encroach  upon 
each  other  and  thereby  constitute  a  molecular  field  somewhat  analogous 
to  that  contemplated  by  Weiss  for  the  explanation  of  ferro-magnetism. 
This  molecular  field  is  then  evaluated  for  particular  cases.  Within  wide 
limits  the  field  is  found  to  remain  proportional  to  the  number  of  molecules 
per  unit  volume.    Further  work  is  promised.    [See  next  Abstract.] 

H.  H.  Ho. 

1149.  Equation  of  the  Disruptive  Discharge  and  the  Possibility  of  Three 
Varieties  of  Explosive  Potential.  C.  E.  Guye.  (Archives  des  Sciences,  42. 
pp.  20-24,  July,  1916.)— The  theory  of  the  disruptive  discharge  based  upon 
ionisation  by  collision  leads  to  the  following  expression  forjthe  current  of 
discharge:  i=7o(«^**"^^  — !)/(«  — iSc^^""^^),  where  the  discharge  is  taken 
between  two  parallel  plates,  at  a  distance  a  apart,  the  initial  ionising  cause 
being  uniformly  distributed  throughout  the  gas  ;  /o  is  the  saturation  current 
corresponding  to  the  initial  ionising  cause ;  a  is  the  number  of  ionising  col- 
lisions produced  by  an  electron  in  a  path  of  1  cm. ;  fi  is  the  number  of 
ionising  collisions  produced  under  the  same  conditions  by  the  positive  ion. 
When  the  ionising  cause  is  ultra-violet  light  impinging  on  the  negative  plate, 
the  denominator  of  the  above  expression  preserves  the  same  form  [see  Abs. 
954  (1906)].  The  object  of  this  note  is  to  show  how  the  above  equation  leads 
to  three  varieties  of  explosive  potential.  The  first  corresponds  to  the  con- 
dition a  =  ^^**'"^>,  a>  p,  and  is  the  one  most  frequently  observed,  since  the 
explosive  potential  usually  corresponds  to  the  case  where  the  current  tends 
to  become  infinite,  i.e.  when  the  denominator  of  the  expression  vanishes. 
Independent  of  the  general  solution  a  second  may  be  obtained  when  a^sp. 
In  this  case  the  expression* takes  the  form  0/0,  and  only  for  the  particular  ca'^e 
of  a  =  j3=:l/a  does  the  current  become  infinite,  and  so  corresponds  to  a 
second  explosive  potential.  Thirdly,  the  denominator  vanishes  for  fi  =  o^^"  "^ 
j3  >  a,  while  the  numerator  remains  finite  and  the  sense  of  the  discharge  is 
unmodified  and  corresponds  to  a  third  explosive  potential.  The  author  gives 
a  graphic  representation  of  these  three  explosive  potentials  accompanied  by 
detailed  discussion  of  the  curves  produced.  A  future  paper  will  deal  with 
the  relations  and  experimental  conditions  of  the  three  potentials  now 
established.  H.  H.  Ho. 
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1160,  Effect  of  Temperature  on  the  Light-sensitiveness  of  Selenium.  E.  O. 
Dieterich.  (Phys.  Rev.  8.  pp.  191-194,  Aug.,  1916.)— A  number  of  Se  cells 
of  different  types  were  studied  at  temperatures  ranging  from  22°  to  127°  C, 
and  curves  are  reproduced  showing  the  light-sensitiveness  for  wave-lengths 
varying  from  550 /ift  to  800 /ift.  As  the  temperature  rises  the  light-sensitive- 
ness decreases  chiefly  in  the  region  of  the  more-refrangible  rays.  Where 
a  maximum  already  exists  in  the  red,  that  maximum  may  be  shifted  towards 
the  infra-red,  but  it  returns  to  its  original  position  on  cooling.  [See  Abs.  742 
and  900  (1915).]  E.  E.  F. 

1161.  Temperature  Coefficient  of  Contact  Potential  F.  Sanford.  (Phys. 
Rev.  8.  pp.  95-96,  July,  1916.) — The  author,  in  criticising  the  work  of  Compton 
[Abs.  605  (1916)],  states  that  the  apparatus  used  by  the  latter  is  not  described 
with  sufficient  detail  to  enable  a  reader  to  decide  what  has  been  measured, 
but  from  the  meagre  description  given  he  is  of  opinion  that  Compton  measured, 
not  the  temperature  coefficient  of  contact  potential,  but  that  of  electrolytic 
potential.  I.  W. 

1152.  Resistance  and  Thermoelectric  Relations  in  Iron  Oxide,  C.  C.  Bid- 
well.  (Phys.  Rev.  8.  pp.  12-19,  July,  1916.)— This  paper  contains  some 
results  obtained  with  artificially  prepared  specimens  of  FesOi  and  shows 
in  particular  a  possible  relation  between  thermoelectric  power  and  electrical 
resistance.  Most  of  the  work  of  Koenigsberger  on  the  oxides  of  iron  deals 
with  naturally  occurring  crystals  of  large  size,  the  behaviour  along  the 
different  axes  being  studied.  Koenigsberger  found  that  the  specific  resist- 
ance p,  the  Centigrade  temperature  /,  the  absolute  temperature  T,  R  the  gas 
constant,  and  Q  the  heat  of  dissociation  of  the  electrons,  ue,  the  heat  required 
to  liberate  1  gm.-atom  of  electrons  from  the  atoms  to  which  they  are  sup- 
posed to  be  bound,  are  connected  by  the  relation  p  ^  A[l  -f  «/  H-  /3/*]tfC/RT, 
In  the  present  work  the  author  found  that  the  exponential  ef"^  was  as  satis- 
factory as  the  term  \l-\-  at  •\-  /3/*]  and  more  convenient  for  graphical  testing. 
Owing  to  the  effect  of  high  temperature  on  the  physical  condition  of  the 
specimen  the  order  in  which  measurements  were  taken  was  of  great 
importance.  Measurements  were  taken,  say  for  resistance,  going  from 
high  to  low  temperature  and  then  for  thermal  e.m.f.  going  from  low  back 
to  high  temperatures.  In  this  way  the  specimen  was  not  subjected  to 
extreme  high  temperatures  between  the  resistance  and  thermoelectric 
observations.  Numerous  curves  are  given,  and  the  experimental  dajta  are 
fully  discussed  in  reference  to  the  above  equations.  I.  W. 

1163.  Cause  of  Lowered  Dielectric  Strength  in  H,F.  Fields.  W.  M. 
Thornton.  (Phil.  Mag.  82.  pp.  242-248,  Aug.,  1916.)— Experiment  indicates 
that  the  breakdown  strength  of  dielectrics  falls  with  rise  of  frequency  of  the 
field,  up  to  the  frequencies  used  in  wireless  telegraphy.  The  author  further 
discusses  this  question  [see  Abs.  1808  (1915)].  He  points  out  that 
the  close  resemblance  between  his  theoretical  curve  and  Peek's  empirical 
curve  would  appear  to  justify  the  view  that  the  observed  influence  of  time  of 
application  on  breakdown  strength  is  largely,  if  not  entirely,  caused  by  the 
rate  of  growth  of  interattraction,  and  that  Peek's  formula  might  be  replaced 
by  a  simpler  exponential  type.  That  dielectric  hysteresis  is  a  time  and  not 
a  static  phenomenon  was  recognised  from  the  first,  but  it  would  appear  that 
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the  use  of  the  term  "  viscosity  "  instead  of  h3rsteresis,  or  as  indicating  the  cause 
of  it,  is  not  tenable.  The  retarding  force  due  to  viscosity,  if  taken  as  usual  to 
be  proportional  to  rate  of  displacement,  leads  to  results  not  in  keeping  with 
the  experimental  facts.  Dielectric  hysteresis  must  therefore  be  considered  as 
neither  a  static  nor  a  viscous  retardation  of  displacement,  but  as  a  quasi-elastic 
adjustment  of  equilibrium  of  the  field  of  interattraction  between  opposite 
charges  in  molecules  whose  (fixed)  axes  are  in  perfect  confusion  of  alignment ; 
the  molecules  being  partly  polarised,  and  interattraction  started,  by  the 
application  of  the  external  field.  I.  W. 

1164.  Experiments  with  Mercury-jet  Interrupters.  C.  E.  S.  Phillips. 
(Phys.  Soc,  Proc.  28.  pp.  284-290 ;  Disc,  291-292,  Aug.,  1916.)— An  experi- 
mental attempt  is  made  to  ascertain  the  form  of  the  mercury  column  issuing 
from  a  hole  in  the  side  of  a  rotating  drum  that  is  continuously  supplied  with 
mercury  by  centrifugal  action.  Incidentally  a  new  form  of  interrupter  is 
introduced,  in  which  the  interior  is  visible  through  a  window  in  the  lid.  The 
arrangement  forms  a  suitable  apparatus  for  experiments  with  various  forms 
of  orifices  and  metallic  contact  segments,  and  an  account  is  given  of  work  in 
that  direction.  As  it  is  important  to  secure  the  cleanliness  of  the  mercury  in 
interrupters  of  this  type,  the  usual  copper  segments  are  replaced  by  tantalum 
segments.  For  many  reasons  tantalum  is  preferable ;  it  is  not  "  wetted  "  by 
mercury,  it  remains  clean  and  bright  indefinitely,  and  its  high  melting-point 
renders  it  lasting.  Experiments  with  various  forms  of  orifices  are  described, 
and  it  is  pointed  out  that  the  issuing  stream  is  only  slightly  affected  by  this 
means.  An  explanation  is  given  of  the  fact  that  a  vertical  slit  orifice  will  not 
produce  a  ribbon  of  mercury,  and  that  no  matter  how  much  the  diam.  of  the 
orifice  is  increased  beyond  about  2  mm.,  the  cross-section  of  the  mercury 
column  remains  unaltered.  A  method  is  described,  however,  by  which  a 
much  larger  stream  of  mercury  can  be  obtained  from  the  rotating  drum,  if 
necessary.  Brief  reference  is  made  to  experiments  with  various  volatile 
liquids  in  suppressing  the  flare  which  occurs  when  the  mercury  columns  leave 
the  contact  segments.  The  three  well-known  substances  which  are  most 
effective  in  this  respect  are  coal^  gas,  hydrogen,  and  ether.  It  is  pointed  out 
that  experiments  of  this  nature  are  necessary,  in  view  of  the  wide  use  now 
made  of  mercury  interrupters  in  X-ray  work.  During  the  discussion  a  com- 
municated note  from  P.  R.  Coursey  was  read  in  which  reference  is  made  to 
a  special  form  of  interrupter  for  handling  fairly  heavy  currents  and  so 
devised  as  to  make  the  internal  operations  visible.  A.  E.  G. 

1156.  Protected  Thermo-elements,  A.  W.  Gray.  (Bureau  of  Standards, 
Bull.  18.  pp.  288-286, 1916  [Sci.  Papers  No.  276].)— A  form  of  thermo-couple 
mounting  suitable  for  laboratory  work  is  described.  The  copper-constantan 
couple  is  insulated  over  the  portion  to  be  inserted  into  the  hot  region  by  glass 
capillaries  and  enclosed  in  a  hard  glass  tube.  This  tube  is  cemented  to  a  light 
copper  tube  which  extends  to  the  ice-box ;  the  wires  being  insulated  from  the 
metal  by  paraffined  silk  covering.  The  ice-box  is  a  commercial  vacuum 
vessel  the  cork  of  which  carries  an  insulating  block  to  which  are  attached  the 
copper  tube,  binding  posts  for  connections  to  potentiometer,  and  a  glass  tube, 
projecting  into  the  ice,  which  contains  the  cold  junction.  E.  G. 

1166.  Constant'high-poiential   Apparatus  to  he  Installed  in  University  of 
Tokyo.    K.  Fuji  and  S.  Nishikawa.    (Math.  Phys.  Soc,  Tokyo,  Proc.  8. 
pp.  609-612,  July,  1916.)— A  description  is  given  of  two  equipments— a  high- 
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tension  d.c.  generator  and  a  three-phase  transformer  with  kenotron  rectifiers 
— specially  designed  for  research  work  on  X-rays  and  vacuum  discharges. 
The  d.c.  generator,  suppl3ring  a  current  of  0*1  amp.  at  10,000  volts,  consists  of 
four  dynamos  with  ring  armatures,  the  machines  being  connected  in  series  and 
coupled  to  an  induction  motor.  The  set  of  transformers  with  six  kenotrons 
(see  General  Electric  Review,  March,  1916)  is  employed  for  the  production  of 
continuous  potential  up  to  120,000  volts.  A  description  is  also  supplied  of  a 
non-inductive  resistance  to  be  used  in  the  high-tension  side  of  the  transformers. 
For  further  details  reference  should  be  made  to  the  original  paper. 

A.  B.  W. 

1157.  Resistivities  and  Thermal  £.Af.F.'s  of  Ca,  Al,  and  Mg.  E.  F. 
Northrup.  (Met.  and  Chem.  Eng.  15.  pp.  193-197,  Aug.  16,  1916.)— The 
resistivities  of  Ca,  Al,  Mg,  and  four  alloys  of  Al  were  determined  over  the 
temperature  range,  20°-160°  C.  The  value  for  Ca  was  6-32  microhms-cm.  at 
20°  C.and  6'64  microhms-cm.  at  100°  C.  This  is  a  little  higher  than  the 
value  for  Mg,  which  was  4*76  microhms-cm.  at  20^  C.  Although  Al  and  Mg 
both  have  low  resistivity,  their  alloys  have  a  resistivity  which  is  considerably 
higher  than  that  of  either  of  the  constituents ;  increasing  the  proportion  of 
Mg  greatly  increased  the  resulting  resistivity.  Thus  at  20°  a  sample  con- 
sisting of  90 Al  +  10 Mg  had  a  resistivity  of  828  microhms-cm.  while 
a  sample  containing  lOAl-f  90Mg  has  more  than  twice  the  resistivity, 
19*18  microhms-cm.  The  thermal  e.m.f.'s  of  the  above-mentioned  sub- 
stances were  determined  against  Cu  over  the  range  0°  to  600°  C,  and  also 
that  of  Ni  against  nichrome.  Ca-Cu  gave  about  10  microvolts/degree 
between  0°  and  100°  C.  The  curve  for  Ni-nichrome,  which  was  taken 
up  to  the  melting-point  of  Cu,  shows  a  slight  inflection  which  is  attributed 
to  a  recalescence  point  in  Ni  at  about  860°  C.  I.  W. 


ALTERNATING  CURRENTS   AND   MAGNETISM. 

1168.  Dynamic  Transformer  for  Alternating  Currents,  A.  G.  Rossi. 
(Accad.  Sci.  Torino,  Atti,  61.  8a.  pp.  392-410,  19i6-1916.)— Shows  how  a 
combination  of  a  biphase  stator,  in  which  the  two  windings  are  kept  separate, 
with  a  closed  rotor  may  act  as  a  dynamic  transformer  if  one  of  the  windings 
be  subjected  to  an  alternating  pressure  while  the  other  forms  part  of  a 
secondary  circuit  and  the  rotor  is  set  in  motion  by  an  external  force. 

A.  D. 

1159.  Paramagnetism  of  Palladium  with  Absorbed  Hydrogen,  H.  F.  Biggs. 
(Phil.  Mag.  82.  pp.  181-140,  July,  1916.)— A  disc  of  palladium-foil  was  fitted  * 
within  a  small  coil  carried  on  the  arm  of  a  torsion  balance  which  swung  in  a 
non-uniform  field.  From  observations  made  with  currents  in  the  coil  with  and 
without  the  Pd  present,  the  magnetic  moment  of  the  latter  could  be  calculated. 
These  observations  were  intended  to  answer  two  questions.  If  Mi  and  Mt  be 
the  magnetic  moment,  in  the  same  field  H,  of  the  Pd  with  hydrogen  contents 
Viand  Vf  cm.'  at  N,T.P.,  then  the  negative  quantity  (Mi  — Mf)/H(ii  —  Vf)  is 
called  the  susceptibility-gradient  due  to  hydrogen.  The  questions,  (1)  Is  the 
susceptibility  gradient  independent  of  the  field  H  ?  and  (2)  Is  it  independent 
of  the  hydrogen  contents  vi  and  Vt  ?  both  receive  an  affirmative  answer,  as  far 
as  the  accuracy  of  the  experiment  goes.  In  the  course  of  the  work,  a  method 
of  designing  pole-pieces  to  give  a  constant  ponderomotive  force  was 
employed.  G.  E.  A. 
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1160.  Sun^pots  and  Mean  Daily  Range  of  Magnetic  Declination,  A.  L. 
Cortie.  (Roy.  Astron.  Soc,  M.N.  76.  pp.  681-684,  May,  1916.)— In  a  former 
paper  [Abs.  246  (1916)]  evidence  was  given  in  support  of  the  view  that  mag^ 
netic  disturbances  depend  largely  upon  the  heliographic  latitudes  of  sun-spots 
present  at  the  time.  In  the  present  paper  a  discussion  is  given  of  the  declination 
range  and  the  sun-spot  areas  and  latitudes  for  the  years  1900-1912,  embracing  a 
whole  solar  cycle,  and  curves  are  shown  summarising  the  comparisons.  On  the 
rise,  from  1902  to  1905,  the  sun-spot  curve  and  that  for  declination  are  practi- 
cally conterminous,  each  reaching  a  maximum  in  1907.  On  the  fall,  however, 
the  magnetic  declination  curve  distinctly  lags  behind  the  sun-spot  area  curve. 
The  latitude  curves  show  a  great  difference  of  phase  compared  with  the  other 
two  curves,  about  4  years,  so  that  the  efl&ciency  of  sun-spots  in  relation  to  the 
mean  daily  range  in  magnetic  declination  is  greatest  when  the  sun-spots  are 
falling  towards  the  equator.  C.  P.  B. 


1161.  Transformations  of  Special  Steels  at  High  Temperatures.  K.  Honda, 
K.  Tawara,  and  H.  Takagi  (Tohuku  Univ.,  Sci.  Reports,  6.  pp.  186-151, 
May,  1916.) — In  the  study  of  the  transformations  of  special  steels  at  high  tem- 
peratures, the  large  displacement  of  the  critical  points  makes  it  difficult  to 
correlate  them  with  the  Al,  A2,  and  A8  points.  Earlier  work  by  two  of  the 
authors  has  shown  that  considerable  light  is  thrown  on  the  changes  occurring 
in  uron  and  steel  by  combining  magnetic  measurements  with  thermal  and 
micrographic  study.  Accordingly,  six  specimens  of  carbon  steels,  contain- 
ing from  0*1  to  1*22  %  carbon,  and  six  special  steels  of  the  percentage  com- 
positions shown  in  the  table  below,  have  been  studied  magnetically,  thermally, 
and  micrographically. 
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817 

The  results  show  that  in  plain  carbon-steels  a  magnetic  change  occurs  in  the 
cementite  in  the  vicinity  of  200°  C.  both  on  heating  and  cooling.  During  the 
eutectic  transformation  the  magnetic  properties  change  abruptly,  the  magni- 
tude of  the  change  increasing  with  the  amount  of  eutectic  present.  A  con- 
siderable amount  of  heat  is  absorbed  or  evolved  during  the  eutectic  change, 
and  the  eutectic  point  on  heating  is  from  80  deg.  to  80  deg.  higher  than  that 
observed  on  cooling.  In  the  heating  curves  of  steels  A,  B,  and  C  there  are 
only  two  peaks  in  the^range  pf  temperature  up  to  900°  C.  The  first  peak  is 
due  to  the  magnetic  or  A2  transformation,  and  the  second  to  the  A8  change. 
The  position  of  these  peaks  is  independent  of  the  temperatures  to  which  the 
steels  had  been  previously  heated.  In  the  cooling  curves  the  temperature  of 
the  beginning  of  the  magnetic  change  is  practically  the  same  as  the  tempera- 
ture of  its  ending  in  the  heating  curves,  or,  in  other  words,  the  critical  point 
remains  unaltered  in  the  heating  and  cooling  processes.  The  A8  transforma- 
tion, however,  is  displaced  towards  a  lower  temperature  which  coincides 
with  the  magnetic  change-point  in  the  second  steel,  and  takes  place  at  a  little 
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above  the  critical  point  in  the  first  and  third  steels.  The  heating  curves  of 
D  and  E  steels  show  two  peaks  corresponding  to  the  A2  and  the  A8  trans- 
formations; their  positions  are  independent  of  the  max.  temperatures  pre- 
viously attained  on  heating.  In  the  cooling  curves  the  A8  point  is  lowered 
until  it  coincides  with  the  A2  transformation.  The  amount  of  displacement 
increases  with  the  max.  temperature  of  heating.  On  cooling  from  1000°  the 
transformation  is  lowered  to  about  400°  C.  The  magnetic  tests  confirm  these 
results.  Steel  P  shows  the  magnetic  change-point  of  plain  cementite  at  about 
200°  C,  both  on  heating  and  cooling.  Both  the  thermal  and  magnetic  curves 
show  the  existence  of  the  eutectic  transition -point. 

All  these  results  were  confirmed  by  micrographic  analysis  of  the  steels 
after  various  heat  treatments.  F.  C.  A.  H.  L. 


RADIOGRAPHY  AND  ELECTROPHYSIOLOGY. 

1162.  Technique  of  the  Coolidge  Tube.  A.  Teillard.  (Archives  d'El. 
M^dicale,  24.  pp.  284-248,  Aug.,  1916.) — ^The  special  apparatus  for  use  with 
the  Coolidge  tube  is  described,  and  a  diagram  of  the  connections  is  given. 
It  is  claimed  that  radiographs  can  be  obtained  when  the  tube  is  about 
9/5  times  farther  removed  from  the  plate  than  with  ordinary  Rontgen  tubes, 
while  in  practice  the  fixed  focus  of  emission  of  the  Coolidge  tube  largely 
compensates  for  the  greater  distance.  On  this  account  the  danger  to  the 
patient  is  very  much  reduced.  A  distance  of  90  cm.  between  antikathode 
and  plate  is  considered  normal.  For  radioscopic  work  the  usual  distance 
employed  is  80  cm.  A  photometric  study  of  the  practical  output  of  the 
Coolidge  tube  in  function  of  the  intensity  is  made  and  compared  with  an 
ordinary  tube.  The  general  conclusion  arrived  at  is  that  it  is  possible  to  do 
anything  with  this  tube  that  can  be  done  with  the  ordinary  type,  and  to  do 
it  more  quickly  and  easily,  while  for  quite  a  number  of  special  cases  it  offers 
very  great  advantages.  A.  E.  G. 

1163.  Electro-vibrators  with  Small  Currents.  Electro-vibmtors  with  Reso- 
nance, J.  Bergoni^.  (Comptes  Rendus,  168.  pp.  5-6,  July  8,  1916.)— To 
counteract  the  effect  of  the  self -induction  a  condenser  is  now  included  in  the 
circuit.  An  electro-vibrator  so  .employed,  when  run  with  a  42-rNJ  alternating 
current  at  110  volts,  takes  7*5  amps.,  and  has  a  magnetic  action  equal  to  the 
ordinary  vibrator  without  additional  capacity  run  with  a  current  of  more  than 
100  amps.  A  still  more  important  thing  from  the  practical  point  of  view  is 
that  by  this  new  method  the  vibrator  can  be  used  with  a  continuous  current 
by  the  aid  of  a  mercury  interrupter.  A.  E.  G. 
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H64.  Influence  of  Foreign  Substances  on  the  Sorption  of  Uranium  X\  by 
Charcoal,  H.  Freundlich  and  H.  Kaempfer.  (Zeits.  Phys.  Chem,  90. 
pp.  681-716,  Dec.  28,  1916.) — A  fuller  account  of  researches  noticed  in 
Abs,  460  (1915).  Ritzel  [Abs.  460  (1910)]  observed  in  1909  that  carbon 
(charred  blood)  "took  up" — ^the  authors  consider  this  a  special  kind  of 
adsorption— uranium  Xi  from  solution,  but  that  the  presence  of  thorium  and 
of  thorium  emanation  prevented  this  sorption,  which  seemed  to  be  a  special 
kind  of  radio-active  effect.  Soddy  (J.  Chem.  Soc.  Trans,  p.  83, 1911), ascribed 
this  peculiarity  to  the  isotopy  of  Th  and  UrXi.  The  experiments  of  the 
authors  are  a  repetition  and  extension  of  those  of  Ritzel  whom  they  confirm 
on  the  whole.  Experiments  were  made  with  uranyl  nitrate,  thorium  nitrate 
and  sulphate,  zirconium  oxychloride,  strychnine  nitrate,  benzoic  acid, 
basic  dyes,  and  aluminium  sulphate.  All  these,  except  the  Al  salt,  inhibited 
or  diminished  the  sorption  of  the  UrXi  by  charcoal  or  reversed  it  when  sub- 
sequently added  to  the  solution  which  was  shaken  for  periods  up  to  216  hours. 
Freshly-prepared  UrXi  was  more  strongly  taken  up  than  solution  of  long 
standing,  probably  because  uranyl  nitrate  and  also  thorium  salts  contain 
small  quantities  of  some  still  undiscovered  radio-elements,  which  are,  how- 
ever, completely  adsorbed  when  shaken  with  charcoal  Of  the  substances 
chiefly  studied  (thorium  salts,  benzoic  acid,  strychnine  nitrate,  zirconium 
oxychloride)  only  thorium  caused  an  actual  reversal,  i,e,  it  drove  the  UrXi 
already  taken  up  again  into  solution  ;  for  this  the  following  explanation  is 
suggested.  The  UrXi  is  not  only  concentrated  on  the  surface,  but  also 
diffuses  into  the  interior  of  the  charcoal;  thorium  and  the  unknown  radio- 
elements  mentioned  behave  similarly.  These  substances  are  therefore  able 
to  replace  the  UrXi  in  the  charcoal,  as  (in  the  experiments  of  Schulze)  the 
Ag-ion  replaces  the  Na-ion.  The  other  salts  may  be  adsorbed  on  subsequent 
addition  to  the  solution  and  may  replace  UrXi,  but  this  action  is  confined  to 
the  small  amount  of  UrXi  on  the  surface.  Isotopy  would,  therefore,  not 
explain  the  reversal  or  replacement,  but  the  experiments  do  not  disprove  the 
isotopy  of  the  two  substances.  According  to  Ritzel  ThEm  behaved  like 
thorium  nitrate  as  to  the  reversal ;  when  the  authors  filtered  the  emanation 
through  a  plug  of  cotton-wool,  however,  before  adding  it  to  the  solution,  the 
effect  was  not  observed,  and  the  authors  suggest  that  the  effect  was  due  to 
dust  of  thorium  nitrate  carried  over  hf  the  emanation.  H.  B. 

1166.  Viscosity  of  Liquefied  Gases,  IV.  Apparatus  and  Method,  V.  Pre- 
liminary  Measurements  on  Liquid  Oxygen-Nitrogen  Mixtures,  J.  E^Verschaffelt 
andC.Nicaise.  (K.  Akad.  Amsterdam,  Proc.  18.  No.  10.  pp.  1659-1675, 
1916.  Comm.  No.  1496  from  the  Phys.  Lab.,  Leiden.)— The  three  preceding 
communications  [see  Abs.  151, 152,  516  (1916)]  contain  the  development  of 
the  theory  of  the  rotational  oscillations  of  a  sphere  in  a  viscous  liquid.  A 
detailed  description  is  now  given  of  the  apparatus  designed  for  measuring 
the  viscosity  of  liquefied  gases  at  low  temperatures ;  the  preliminary  results 
obtained  with  liquid  air  and  three  other  mixtures  obtained  from  air — one 
beipg  almost  pure  oxygen  and  the  other  consisting  chiefly  of  nitrogen — are 
vol-  XIX.— A.— 1916.  r^^^^T^' 
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also  given.  These  mixtures  contain  argon,  and  as  the  measurements  are  to 
be  repeated  with  pure  substances^  the  results  now  communicated  are  not 
discussed.  ^  T.  H.  P. 

1166.  On  the  Isotopes  of  all  the  Chemical  Elements,  A.  van  den  Broek. 
(Phys.  Zeits.  17.  pp.  260-262,  June  15,  1916.)— Considering  the  number  of 
o-particles  emitted  in  the  cases  of  the  thorium  and  actinium  series,  it  is  observed 
that  for  six  successive  elements  there  is  a  difiFercnce  of  atomic  weight  of  16 
(corresponding  to  the  emission  of  four  a-par tides  and  two  /3-particles).  Using 
this  property  as  basis,  the  author  arranges  all  the  elements  in  a  similar 
manner,  and  the  order  suggests  that  certain  series  of  elements  are  "  isotopes  " 
of  one  another.  A.  B.  W. 

1167.  Position  ofMartensite  in  the  Iron-Carbon  Diagram,  W.  Broniewski. 
(Comptes  Rendus,  162.  pp.  917-919,  June  18,  1916.)— Although  its  marked 
crystalline  structure  points  to  its  being  a  well-defined  body  stable  within  a 
certain  interval  of  temperature,  martensite  is  only  regarded  as  a  transition 
product,  and  as  such  finds  no  place  in  the  constitution  diagram  of  the  iron- 
carbon  series.  In  order  to  study  the  conditions  of  equilibrium  of  this  material 
comparative  tests  of  the  e.m.f.'s  of  hardened  and  annealed  steels  of  various 
carbon  contents  have  been  made  against  kathodes  of  graphitic  carbon  and 
extra-soft  steel  in  an  electrolyte  of  ferrous  sulphate  solution.  The  results 
show  that  martensite  diminishes  the  free  energy  of  the  ferrite  in  which  the 
carbon  is  dissolved.  By  means  of  the  Helmholtz  equation  it  has  been  calcu- 
lated that  the  magnitude  of  the  diminution,  is  of  the  order  of  16  gm.  cals* 
per  100  of  carbon  dissolved  in  1  gm.  of  iron.  Martensite  is  to  be  re^irded  as 
a  solid  solution  of  carbon  (or  cementite)  in  a-iron  and  whose  region  of 
stability  is  at  a  lower  temperature  than  that  of  annealed  steel.  The  limiting 
concentration,  which  is  below  006  %  carbon  at  the  ordinary  temperature, 
increases  rapidly  as  the  temperature  falls,  in  accordance  with  a  diagram 
included  in  the  paper.  It  is  probable  that  martensite  obtained  by  quenching 
only  becomes  stable  at  about  the  temperature  of  liquid  air,  a  point  which  is 
confirmed  by  the  tendency  for  austenite  to  revert  to  martensite  when 
quenched  in  liquid  air.  According  to  the  law  of  Bancroft  and  Ostwald,  in  all 
chemical  phenomena  there  is  an  initial  tendency  to  produce,  not  the  most 
stable  condition,  but  the  one  which  is  the  nearest  approximation  to  it. 
Martensite,  therefore,  is  defined  as  a  solid  solution  of  carbon  in  o-iron, 
which  is  stable  only  at  low  temperatures,  but  usually  appears  in  an  unstable 
state  of  equilibrium  as  the  form  which  is  the  nearest  neighbour  of  austenite.  . 

F.  0.  A.  H.  L. 

1168.  The  Theory  of  the  Corrosion  of  Steel,  L.  Aitchison.  (Iron  and  Steel 
Inst.,  J.  98.  pp.  77-91 ;  Disc,  and  Corres.,  92-101,  1916.  Engineering,  101. 
pp.  461-468,  May  12,  1916.  Met.  and  Chem.  Eng.  15.  pp.  88-92,  July  15, 
1916.) — In  recent  years  an  enormous  amount  of  work  has  been  carried  out  on 
the  corrosion  of  pure  iron;  the  question  of  the  corrosion  of  steel  has, 
however,  received  little  attention.  The  problem  as  regards  steel  can  be 
attacked  on  entirely  different  lines  from  those  used  in  considering  the  corro- 
sion of  the  more  simple  body,  iron.  The  complex  nature  of  steel  renders  it 
almost  certain  that  the  action  of  a  corrosive  liquid  will  be  mainly  galvanic. 
One  of  the  two  constituents  will  be  anodic  and  the  other  kathodic,  and  the 
extent  of  the  galvanic  action  will  depend  upon  the  difference  of  potential  set 
up  between  the  two  constituents.    The  author  considers  the  results  described 
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in  Abs.  824  and  612b  (1916),  and  comes  to  the  following  conclusions  with  regard 
*o  the  corrosion  of  steels  generally : — ^The  corrosion  of  a  steel  takes  place 
simply  as  a  result  of  action  on  the  f errite  or  solid  solution.  Action  upon  pure 
ferrite  may  be  due  to  p.d/s  between  different  grains  and  also  to  the  different 
solution  pressure  of  the  intergranular  cement.  The  e.m.f.  of  the  solid 
solution  with  respect  to  the  corroding  liquid,  is  the  deciding  factor  in  the 
corrosion  of  a  steel.  Before  a  third  element  produces  any  beneficial  effect 
upon  the  corrosion  it  must  be  added  in  sufficient  quantities  to  leave  a  fairly 
high  percentage  in  the  solid  solution.  Pearlite  does  not  corrode  as  a  whole, 
the  disappearance  of  the  cementite  being  due  entirely  to  mechanical  action. 
Carbides  are  not  decomposed  by  ordinary  corrosive  agents ;  they  merely  act 
as  kathodes  to  the  anode  of  the  ferrite  or  solid  solution.  F.  C.  A.  H.  L. 


1169.  Comparisons  between  Electrolytic  and  Two  Varieties  of  Arsenical  Lake, 
Copper  with  Respect  to  Strength  and  Ductility  in  Cold-worked  and  Annealed 
Test  Strips.  C.  H.  Mathetvson  and  E.  M.  Thalheimer.  (Am.  Inst. 
Mining  Eng.,  Bull.  No.  116.  pp.  1186-1218,  July,  1916.)— Samples  of  the  com- 
positions given  in  the  table  below  were  procured  and  subjected  to  a  series  of 
eight  reductions  from  0  to  70  %  for  the  production  of  cold-rolled  metal.  A 
further  series  was  prepared  by  subjecting  the  metals,  cold-rolled  to  a  60  % 
reduction,  to  a  series  of  15  annealings  at  temperatures  ranging  from  lOO*'  to 
1000°  C. 


o%. 

A8%. 

Ag%. 

Electrolytic  copper  

Mohawk  coooer 

0071 
0-062 
0-056 

nil 
0-096 
0-296 

0-0006 
0069 

Copper  range  copper   

0061 

The  two  latter  varieties  contained,  in  addition,  the  usual  impurities  incidental 
to  commercial  furnace-refined  copper.  Each  sample  was  submitted  to  the 
ordinary  tensile  tests  and  also  to  microscopic  examination.  The  results, 
which  are  summed  up  in  tables  and  diagrams,  show  that  the  tests  failed  to 
develop  any  very  striking  differences  of  rolling  temper  between  the  different 
brands  of  copper  used.  In  ductility  as  measured  by  the  elongation,  the  high 
arsenical  copper  app>eared  to  decrease  more  rapidly  than  the  electrolytic 
copper  but  only  in  the  early  stages  of  the  reduction  by  rolling.  In  the 
samples  annealed  in  an  oxidising  atmosphere,  the  high  arsenical  metal  lagged 
about  60  deg.  C.  behind  the  electrolytic  copper.  Complete  softening  took 
place  at  about  860^  in  each  case,  and  the  proper  annealing  temperature  for 
electrolytic  copper  (dull  red)  produced  equally  satisfactory  results  with  the 
other  two.  Only  minor  differences  in  strength  throughout  the  entire  anneal- 
ing range  of  400°  to  1000°  were  observed,  but  the  high  arsenical  product 
consistently  showed  the  highest  values  of  elongation  and  reduction  of  area, 
and  the  electrol3rtic  copper  had  the  lowest  values.  After  annealing  in  an 
atmosphere  of  coal  gas  at  600°  only  the  high  arsenical  copper  showed  a  fair 
retention  of  ductility.  At  higher  temperatures  all  the  samples  revealed 
brittleness  and  were  almost  entirely  devoid  of  ductility.  Determination  of 
the  oxygen  contents  of  the  treated  samples  indicated  that  partial  deoxidation 
had  set  in  at  600°  and  was  practically  completed  at  temperatures  above 
800°.  Microscopic  examination  pointed  to  the  superiority  of  the  high 
arsenical  material  in  the  annealed  state.  F.  C.  A.  H.  L. 
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1170.  The  Alloys  of  Cerium,  I.  Copper-Cerium  Alloys  and  their  Constiiu- 
Hon.  F.  Hanaman.  (Int.  Zeits.  Metallog.  7.  p.  174,  1915.  Rev.  de  Met. 
12r.  pp.  471-478,  Dec,  1915.) — An  equilibrium  diagram  of  the  Cu-Ce  series 
has  been  drawn  up  based  on  a  thermal  and  microscopic  study  of  the 
alloys.  These  two  metals  are  completely  soluble  in  the  liquid  state,  but  show 
very  little  tendency  towards  the  formation  of  solid  solutions.  The  diagi;^m 
shows  three  minima  corresponding  to  the  deposition  of  ^eutectics  and  two 
maxima  corresponding  to  the  crystallisation  of  the  compounds  Cu«Ce,  and 
CufCe,  while  the  compounds  Cu4Ce  and  CuCe  are  formed  by  reactions 
occurring  between  the  other  two  compounds  and  the  residual  melt.  Deter- 
mination of  the  Brinell  hardnesses  of  the  alloys  showed  maxima  corresponding 
to  the  compositions  of  CusCe  and  CutCe.  Only  the  alloys  containing  between 
56  and  86  %  Ce  were  found  to  be  pyrophoric,  but  the  property  is  nothing 
like  so  pronounced  as  it  is  in  the  Fe-Ce  alloys.  Contrary  to  previous 
observations,  the  metallic  cerium  (97  %)  used  by  the  author  was  not  found 
to  be  pyrophoric.  F.  C.  A.  H.  L. 

1171.  Binary  Alloys  of  Aluminium,  H.  Schirmeister.  (Stahl  und 
Eisen,  86.  pp.  648,  878,  and  996,  1916.  Rev.  de  Met.  12e.  pp.  464-470, 
Dec,  1915.) — The  author  has  studied  the  effects  of  technical  importance, 
of  the  addition  of  twenty  metals  to  commercial  aluminium.  Examination  of 
the  diagr^uns  summing  up  the  results  indicates  that  the  greatest  technical  • 
improvements  of  Al  are  effected  by  alloying  with  Zn,  which  can  be  added  up 
to  25  %  without  destroying  the  working  qualities  of  the  metal.  These  alloys, 
particularly  those  rich  in  Zn,  do  not  resist  the  effects  of  atmospheric  corro- 
sion. Next  in  importance  are  the  alloys  with  Cu  and  Mg.  Magnesium  can 
be  added  in  quantities  up  to  12  %,  but  difficulty  in  rolling  is  experienced 
when  the  content  exceeds  6  %,  which  composition  is  also  that  of  the  alloy 
with  the  best  rolling  properties.  For  castings  the  best  Al-Cu  alloys  are  those 
containing  from  10  to  15  %  Cu,  while  the  best  castings  are  obtained  from 
alloys  containing  8  to  4  %  Cu.  The  copper  alloys  resist  atmospheric  corro- 
sion well.  Of  the  rare  metals  only  chromium  exerts  a  well-marked  beneficial 
influence.  The  quantities  in  which  it  may  be  added  are  up  to  5  %  for 
rolling  and  from  1  to  8  %  for  castings.  F.  C.  A.  H.  L. 

1172.  Ebullioscopic  Behaviour  of  Solvents  at  Different  Pressures,  E, 
Beckmann  and  O.  Liesche.  (Zeits.  Phys.  Chem.  90.  pp.  129-188, 
Aug.  27, 1916.) — Addendum  to  previous  papers  and  reply  to  Jellinek  [Ibid.  88. 
pp.  18,  23,  and  419,  and  89.  p.  Ill]  with  regard  to  sources  of  error, 
Beckmann  recognised  in  1889  that  the  introduction  of  solute  raises  the  height 
of  the  liquid  column  and  thus  the  mean  boiling-point ;  this  is  insignificant  at 
ordinary  pressure— at  which  an  additional  height  of  1  mm.  of  ethyl  ether 
would  raise  the  boiling-point  by  0002  deg. — but  not  at  reduced  pressures. 
A.  Smits  found  later  that  the  error  cannot  simply  be  corrected  by  a  formula, 
and  that  the  error  amounts,  for  1  cm.  of  water,  only  to  one-third  of  its 
assumed  value.  The  impracticability  of  a  theoretical  correction  is  confirmed, 
and  it  is  also  shown,  by  experiments  with  ether  and  aniline,  that  the  rise  of 
the  liquid  column  cannot  be  compensated  for  by  withdrawing  the  themo- 
meter.  The  further  remarks  concern  the  automatic  pressure  regulation  in 
the  author's  manostat,  in  which  over  the  pressure  range  of  100  and  200  mm. 
constant  pressure  can  easily  be  maintained  within  001  mm.  for  20  minutes 
and  within  01  mm.  for  hours ;  that  corresponds  to  temperature  constancy 
within  0001  and  0*01  deg.     [See  also  Abs.  629  (1916).]  H.  B. 
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1173.  Transition-points  of  Nitrates  (Silver,  Ammonium,  Potassium).  E. 
janecke.  (Zeits.  Phys.  Chem.  90.  pp.  280-295,  Sept.  24, 1916.)— The  results 
of  the  experiments  with  the  electrically-heated  press  [see  Abs.  1185  (1916)] 
confinn  previous  observations.  In  the  case  of  KNOs  a  new  transition-point 
is  found,  at  about  151°,  so  that  three  varieties  of  this  nitrate  seem  to  exist. 
The  transition  may  be  marked  by  a  sudden  or  gradual  change  in  the  curve ; 
in  the  latter  case  the  intersections  of  the  produced  rectilinear  graphs  were 
taken  as  transition-points.  Readings  were  generally  taken  at  intervals  of  half 
a  minute,  both  on  heating  and  cooling.  Transition  Phenomena  oflsomorphous 
Mixtures  of  KCl-NaCl,  AgCl-NaCl;  Complete  Diagrams  of  Conditions  (Ibid.  90. 
pp.  296-812).  Some  binary  isomorphous  mixtures  show  a  minimum  melting- 
point  at  certain  proportions  of  the  constituents,  and  should  "  unmix,"  i,e.  the 
constituents  should  crystallise  separately,  below  this  temperature.  This  was 
known  for  KCl-NaCl,  but  the  complete  diagram  of  the  separation  had  not  so 
far  been  obtained.  Mixtures  of  AgCl  and  NaCl  do  not  exhibit  any  minimum 
melting-point,  and  unmixing  had  not  previously  been  observed  in  their  case. 
The  author  shows  that  separation  takes  place  and  gives  the  complete 
diagrams  of  condition  for  the  two  cases.  H.  B. 

1174.  Transition  of  the  Metals  Tin,  Zinc,  Bismuth,  Cadmium,  Copper,  Silver, 
Lead,  and  Antimony.  E.  Jftnecke.  (Zeits.  Phys.  Chem.  90.  pp.  818-889, 
Sept  24,  1916.) — ^The  pressure-temperature  graphs,  heating  and  cooling 
curves  [see  preceding  Abs.J,  confirm  on  the  whole  the  observations  of  Cohen 
and  Helderman  ;  the  transition  of  silver  into  an  allotropic  modification  at 
about  120°  had  been  suspected  from  the  thermoelectric  studies  of  silver- 
nickel  couples  by  v.  Hevesy  and  Wolff  [see  Abs.  181  (1911)],  but  had  not  yet 
been  established.  But  the  author  differs  from  Cohen  as  to  the  theory ;  he 
prefers  to  base  his  arguments  on  the  thermodynamic  potential  of  A.  Smits. 

H.  B. 

1176.  Hypothesis  as  to  the  Condition  of  Dissolved  Electrolytes.  I.  and  II. 
H.  C.  S.  Snethlage.  (Zeits.  Phys.  Chem.  90.  pp.  1-46,  June  16,  and 
pp.  189-188,  Aug.  27,  1916.) — From  a  critical  examination,  partly  based  on 
new  experiments,  of  the  properties  and  behaviours  of  electrolytes,  including 
reaction  velocity,  catalytic  action,  light  absorption,  determination  of  molecular 
weights,  etc.,  the  author  arrives  at  the  conclusion  that  the  theory  of 
Arrhenius — that  the  molecule  of  an  electrolyte  in  solution  partly  splits 
into  ions  which  are  independent  of  one  another,  and  that  the  degree  of 
dissociation  changes  with  the  concentration — must  be  abandoned.  The 
author  did  not  start  with  this  presumption.  He  had  believed  (with  Arrhenius 
and  H.  Goldschmidt)  that  although  the  non-dissociated  molecules  also  would 
act  catalytically  it  was  yet  possible  to  calculate  the  catalytic  efficiency  from 
the  electric  conductivity.  The  dissociation  theory  does  not  assert  anything 
as  regards  the  cause  of  the  catalytic  action,  but  it  tacitly  assumes  that  there 
is  a  connection  between  the  electric  charge  of  the  H'-ion  and  its  catalytic 
efEeet  This,  however,  is  incompatible  with  the  hypothesis  that  the  quotient 
kiilku  is  a  function  of  the  strength  of  the  acid  catalyst  in  the  sense  that 
the  stronger  the  acid  the  greater  this  quotient ;  ku  being  the  velocity 
constant  due  to  the  undissociated  molecules,  and  ku  the  same  due  to  the 
H'-ions. 

Part  I  deals  with  solutions  of  electrolytes  in  alcohols  (ethyl  and 
methyl).  As  to  these  solvents  two  groups  of  electrolytes  must  be  dis- 
tinguished :  (1)  Strong  electrolytes  (hydrochloric  acid,  salts)  whose  properties 
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(including  change  of  conductivity  with  dilution  by  water,  but  with  the 
possible  exception  of  boiling-point)  are  proportional  to  the  total  concentra- 
tion o!  the  electrolyte  or  to  some  simple  function  of  it ;  the  A^/A.  is 
meaningless  in  this  case.  (2)  Most  organic  acid  and  bases,  for  which  this 
simple  proportionality  does  not  hold,  the  activity  increasing  with  decreasing 
concentration.  The  behaviour  of  electrolytes  of  the  second  group  does  not 
depend  upon  the  presence  of  free  ions,  but  upon  some  definite  property  such 
as  a  polarity  or  activity  of  the  dissolved  molecules.  The  molecules  of  the  first 
group  are  all  in  this  active  condition^-excepting  throughout  these  considera- 
tions too  high  concentrations ;  in  the  second  group  an  equilibrium  exists 
between  active  and  inactive  moleicules,  the  equilibrium  being  approximately 
given  by  A^/A^.  The  dissociation  constant  is  highly  influenced  by  the  solvent, 
and  the  change  in  equivalent  conductivity  is  in  the  second  group  due  to  the 
transition  of  inactive  into  active  molecules.  The  molecule  becomes  bipcriar 
by  the  introduction  of  an  electron,  to  which  it  oweS  its  properties,  including 
probably  affinity,  without  any  real  splitting  into  free  ions ;  hence  also  the 
catalytic  effect  of  salts  like  acids.  If  the  active  mojecule  be  regarded  as 
solvated,  then  the  transition  can  be  represented  by :  inactive  molecule  + 
solvent  — >  solvated  active  molecule. 

Part  II  carries  these  arguments  further  with  respect  to  aqueous 
solutions.  There  again  two  groups  of  electrolytes  must  be  distinguished. 
The  first  group  comprises  strong  electrolytes,  such  as  KCl,  HNOs,  NaOH. 
Many  of  the  most  important  properties  of  these  are  independent  of  the  con- 
centrations calculated  in  mols ;  but  this  independence  does  not  hold  for  the 
conductivity  of  all  the  electrolytes  and  not  for  the  lowering  of  the  freezing.  - 
points  of  salts.  The  quantitative  variation  of  these  properties  with  concentra- 
tion is  best  understood  on  the  assumption  that  the  degree  of  dissociation  does 
not  change.  The  proportionality  between  effect  and  concentration  becomes 
apparent  only,  of  course,  below  certain  limits  of  concentration,  and  these 
limits  are  not  the  same  in  the  case  of  the  same  electrolyte  for  different 
properties  (inversion  of  sugar,  freezing-point),  and  are,  further,  different 
for  the  same  property  in  the  case  of  different  electrolytes.  These  electrolytes 
seem  to  exert  their  properties  through  the  entire  molecules ;  that  would  not 
contradict  the  assumption  of  an  additive  character  of  most  of,  and  possibly 
all  the  properties.  The  solutions  behave  as  if  all  the  molecules  were  in 
the  same  condition  at  all  (except  too  high)  concentrations.  The  mass  law  has 
no  significance  for  these  electrol3rtes.  Differences  observed  in  the  behaviour 
of  electrolytes  with  a  common  ion  are  due  to  the  non-common  ion,  and  these 
differences  follow  the  order  of  the  potential  series.  The  activity  (electrolytic 
and  catal3rtic)  may  decrease  or  increase  (for  acids  and  bases)  with  the  con- 
centration ;  it  might  be  calculated  by  the  cube-root  formula  according  to 
which  the  change  in  molecular  activity  is  proportional  to  the  mean  distance 
between  the  dissolved  particles  (a^c),  where  c  indicates  the  total  ooncentration 
(Noyes  and  Falk).  In  explanation  three  assumptions  might  be  made  :  (1)  the 
strong  electrolytes  have  all  the  same  degree  of  dissociation,  independent 
of  concentration  ;  (2)  they  are  not  dissociated  at  all,  all  the  molecules  being 
active ;  (8)  their  dissociation  degree  lies  between  0  and  1,  but  is  independent 
of  concentration.  Of  these  (8)  is  highly  improbable;  the  discrimination 
between  (1)  and  (2)  is  difficult.  The  osmotic  pressure  phenomena  favour  (1) ; 
but  the  author  showed  in  Part  I  that  strong  electrolytes  conduct  and  act 
catalytically  in  alcohol  and  in  water,  and  it  would  appear  that  the  osmotic 
phenomena  are  not  so  simply  related  to  dissociation  as  had  been  supposed, 
but  are  due  to  some  unknown  property  of  the  electrolyte-molecule  which 
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is  particalarly  strong  in  water.  The  author  does  not  wish  to  imply  that 
the  existence  of  a  dissociation  in  the  sense  of  Clausius  and  Williamson 
must  be  excluded ;  dissociation  might  be  understood  as  Pickering  indi- 
cated in  1891.  The  activity  is  finally  attributed  by  the  author  to  an  irre- 
gular distribution  of  electrons  in  the  molecule.  In  the  case  of  binary 
electrolytes  an  electron  has  a  definite  position  in  the  molecule  to  which 
it  imparts  polarity  and  activity,  and  the  polar  forces  determine  its 
properties. 

As  regards  the  second  group  of  electrolytes  (most  organic  acids  and 
probably  bases,  ammonia,  sulphuric  acid)  they  consist  of  two  types  of 
molecules,  differing  in  degree  only,  the  oiys  type  active  (like  those  of  the 
first  group),  the  other  less  active,  "  preactive,"  not  yet  preformed.  To  the 
latter  the  law  of  mass-action  is  applicable.  Instead  of  dissociation  the  author 
here  suggests  activation.  There  is  equilibrium  between  the  two  types 
shifting  with  the  concentration,  and  a  gradual  change ;  the  strongest  elec- 
trolytes of  the  second  group  do  not  differ  much  from  those  of  the  first  group. 
The  relationship  between  the  two  groups  would  resemble  that  of  a  saturated 
gas  below  the  critical  temperature  to  the  same  gas  above  the  critical  tem- 
perature. 

In  a  third  paper  the  influence  of  the  .solvent  is  further  to  be  discussed. 
An  addition  to  Paper  I  at  the  end  of  II  gives  some  new  tables  of  electric 
conductivity  (picric  acid,  etc.)  after  H.  Goldschmidt.  H.  B. 

1176.  New  Form  and  Principle  of  the  Dilution  Law  of  Electrolytes,  Q.  v. 
Georgievics.  (Zeits.  Phys.  Chem.  90.  pp.  840-868,  Sept.  24,  1915.)— The 
author  starts  from  the  formula  c/^lc,  =  k,  where  Ci  is  the  concentration  of  the 
dissociated  portion,  c,  that  of  the  not-dissociated  portion,  and  k  a  constant. 
Ostwald  assumed  n  =  2  for  aqueous  solutions  of  binary  compounds,  van't 
Hoff  1*5,  Storch  found  n  simply,  but  n  di£Fering  for  difiFerent  electrolytes. 
To  find  the  relation  of  n  to  other  properties,  the  author  made  the  following 
assumption.  If  n  s=  1,  then  the  quotient  =  k  would  be  represented  by  a 
straight  line  as  resultant  of  two  forces,  one  of  which  tends  to  keep  the  com- 
ponents of  an  electrolyte  together,  while  the  other  tends  to  split  them.  If 
there  were  a  third  force,  then  n  should  be  greater  than  1,  and  as  a  matter 
of  fact  n  is  found  greater  than  1,  but  approaches  1  for  acids  and  bases  with 
increasing  dilutions.  The  variability  of  n  in  these  cases  could  only  be 
explained  by  adsorption  and  attraction  between  the  ions.  If  differences 
of  principle  do  not  exist  in  the  dissociation  phenomena  of  acids  and  bases 
on  the  one  hand,  and  of  salts  on  the  other,  then  the  simple  law  cjc,  =  k, 
should  hold  also  for  salts.  Examining  the  data  of  various  experimenters 
concerning  a  great  number  of  acids,  bases,  and  salts,  the  author  finds, 
however,  that  the  n  .values  for  salts  differ  from  those  for  bases  and  acids. 
There  should  be  a  relationship  between  internal  friction  and  migration 
velocity  of  the  ion  on  the  one  hand  and  n  on  the  other,  a  relationship  due 
to  chemical  affinity  between  the  water  and  the  electrolyte.  This  relationship 
does  not  sufi&ce,  however,  to  explain  the  different  n  values,  which  arc  found 
to  be  independent  of  the  number  of  ions,  so  that  the  law  of  mass-action  docs 
not  hold  for  aqueous  solutions  of  all  electrolytes.  There  is  parallelity  between 
the  chemical  afl&nity  for  water  and  n  for  acids  and  bases,  but  not  for  salts, 
in  which  complications  take  place.  The  author  further  shows  that  the 
partition  of  a  substance  between  two  phases  can  be  expressed  by  an 
analogous  formula  ci^/ct^k,  in  which  n  is  also  1  when  no  complications 
arise.  H.  B. 
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1177.  Demonstration  of  the  Rational  Character  of  the  New  Solubility  Formula. 
A.  Colson.  (Comptes  Rcndus,  168.  pp.  67-59,  July  17,  1916.)— A  mathe- 
matical demonstration  that  the  principles  of  thermodynamics  are  applicable 
to  solutions.     [See  Abs.  1092  (1916).]  A.  F. 

1178.  Electrostatic  Measurements  of  Electrode  Potentials,  G.  Borelius. 
(Phys.  Rev.  8.  pp.  128-182,  Aug.,  1916.)— The  author  gives  a  critical  com- 
parison of  the  methods  used  by  Ewell  [Abs.  518  (1915)]  and  himself  [Abs.  1171 
(1914),  518  (1915)]  for  the  measurement  of  electrode  potentials  by  electrostatic 
methods:  The  two  difiFerent  methods  are  shown  to  be  practically  equivalent 
to  each  other,  but  the  present  ^ruthor  criticises  the  interpretation  which  has 
hitherto  been  given  of  the  results.  He  comes  to  the  conclusion  that  hitherto 
the  electrostatic  measurements  on  electrode  potentials  have  given  no  proof 
which  can  be  used  as  evidence  against  the  usual  theory  of  their  absolute 
values,  T.  8.  P. 

1179.  Electro-analytical  Method  for  Estimation  and  Separation  of  Metals  of 
the  Copper-Tin  Group.  E.  P.  Schoch  and  D.  J.  Brown  [with  T.  E. 
Phipps].  (Am.  Chem.  Soc,  J.  88.  pp.  1660-1681,  Sept.,  1916.)— An  account 
is  given  of  the  methods  elaborated  by  the  authors  for  the  estimation  and 
separation  of  the  metals  of  the  copper-tin  group,  using  an  electrolyte  con- 
taining the  chlorides  of  thp  various  metals.  In  order  to  prevent  the  oxidising 
action  of  the  chlorine  liberated  at  the  anode,  certain  reducing  agents  are 
added  to  the  electrolyte,  the  most  suitable  being  hydroxylamine  hydro- 
chloride. The  electrolyte  is  thoroughly  stirred  by  a  rapidly  revolving  glass 
stirrer  during  the  analyses,  and  the  method  of  graded  potential,  using  an 
auxiliary  electrode,  is  made  use  of  [compare  Sand,  Abs.  982  (1907)]. 
Details  are  given  of  the  following  operations,  all  of  which  can  ISe  carried 
out  with  satisfactory  results  : — Estimation  of  Sn.  Modification  of  Classen's 
ammonium  oxalate  method  for  the  estimation  of  Sn.  Estimation  of  Cu. 
Separation  of  Cu  from  Sn.  Estimation  of  Bi.  Estimation  of  Sb.  Separa- 
tion of  Sb  (or  Bi)  from  Sn.  Estimation  of  Pb.  Simultaneous  deposition 
of  Pb  and  Sn  and  their  separation.  Separation  of  Sn  from  Cd.  Separation 
of  Cu  from  Sb  by  means  of  hydrochloric-tartaric  acid  electrolytes.  Separa- 
tion of  Cu  and  Sb  from  Pb.  Separation  of  Cu  from  Sb  by  means  of  nitric- 
tartaric  acid  electrolytes.  Simultaneous  deposition  of  Sb,  Bi  and  Cu  out 
of  electrolytes  containing  these  metals  and  Sn.  Simultaneous  deposition  of 
Cu,  Bi  and  Sb  out  of  electrolytes  containing  these  and  also  Pb  and  Sn. 
Separation  of  Bi  from  Sb.    Separation  of  Cu  and  Bi  from  Sb.  T.  S.  P. 
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1180.  Mercury-vapour  Pump,  H.  B.  Williams.  (Phys.  Rev.  7.  pp.  688- 
684,  May,  1916.  Abstract  of  paper  read  before  the  Am.  Phys.  Soc.) — 
Describes  a  very  simple  form  of  pump  which  is  much  more  rapid  in  action 
than  the  Gaede  diffusion  pump,  and  which  seems  to  be  equally  effective  in 
producing  extremely  low  pressures.  The  vapour  passes  through  a  con- 
striction connected  to  the  vessel  to  be  exhausted.  Within  the  connecting 
side  tube  is  a  small  Hopkins  condenser,  whose  cooling  effect,  aided  by  that 
of  the-  external  air,  condenses  any  vapour  which  may  enter  before  it  has 
penetrated  far.  Diffusion  takes  place  through  the  annular  space  between 
the  condenser  and  outer  side  tube.  This  space  is  2  mm.  wide  and  has  an 
area  of  about  1  cm.'.  A  larger  Hopkins  condenser  above  condenses  the 
main  stream  of  vapour,  and  the  auxiliary  pump  is  connected  to  it  near  the 
top.  By  arranging  to  have  the  diffusion  take  place  at  a  constriction  in 
the  main  vapour-flow  tube,  advantage  is  taken  of  the  Bernoulli-effect.  It 
is  thus  made  possible  to  have  the  vapour  pass  the  diffusion-point  rapidly 
without  reaching  a  lateral  pressure  so  high  as  to  cause  it  to  pass  far  into  the 
side  tube.  A  lip  projecting  from  the  side  tube  into  the  main  flow  tube 
hinders  the  direct  passage  of  vapour  into  the  side  tube.  The  eddies  in  the 
vapour  stream  which  this  obstruction  produces  probably  hasten  diffusion. 
As  the  gas  which  diffuses  into  the  stream  of  vapour  is  rapidly  carried  to  the 
upper  condensation  chamber,  the  usually  slow  process  of  diffusion  becomes 
very  rapid.  The  auxiliary  pump  should  produce  a  vacuum  of  something  like 
0*1  mm.  of  mercury;  but  the  pump  will  operate  with  a  pre- vacuum  of 
0*25  mm.,  though  its  action  is  then  much  slower.  Two  pumps  in  series 
operate  rapidly  with  a  fore-vacuum  of  0*25  mm.  The  mercury  may  be  , 
heated  with  a  small  open  flame,  or  preferably  by  means  of  a  small  electric 
oven.  Effective  action  does  not  depend  so  critically  upon  precise  regulation 
of  temperature  as  in  the  Gaede  type.  The  pump  is  rapid  in  action.  A  single 
pump  with  a  May-Nelson  oscillating  ring  pump  as  auxiliary  exhausted  a 
two-litre  bulb  with  large  Al  electrodes  from  atmospheric  pressure  to  a  point 
where  the  alternative  spark-gap  measured  18  cm.  in  7  minutes.  Two  vapour 
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pumps  in  series  connected  directly  to  a  McLeod  gauge  reduced  the  pressure 
from  approximately  0*25  mm.  to  4  x  10-*  mm.  in  4  minutes.  A  short  time 
later  the  pressure  was  too  low  to  be  measured.  A.  W» 

1181.  New  Microbalance,  E.  H.  Riesenfeld  and  H.  F.  MOller.  (Zeits. 
Elektrochem.  21.  pp.  181-186,  April  1,  1916.) — ^The  balance  is  an  improve- 
ment of  the  torsion  balance  of  Nernst.  A  quartz  thread,  of  12*6  /«  diam.,  is 
stretched  between  the  prongs  of  a  brass  fork,  9  cm.  span,  brittle  sealing-wax 
serving  as  cement.  To  this  thread  is  fastened  the  beam,  a  glass  capillary 
18  cm.  in  length,  the  load-arfti  having  a  length  of  10  cm.  For  the  suspension 
of  the  pan  the  following  construction  was  adopted  after  trials  of  various 
knife-edges.  The  beam  ends  in  a  fork,  across  which  a  quartz  thread  is 
horizontally  stretched;  the  hook  is  attached  to  a  second  vertical  quartz 
thread.  The  beam  is  arrested  by  being  clamped  near  its  end.  The  balance 
is  sensitive  to  8*8  X  lO""  gm.  with  a  max.  load  of  6  mgm.  All  the  parts  to  be 
suspended  in  micro-analysis,  etc.,  are  fitted  with  suitable  hooks.  H.  B» 

1182.  Henrici  Harmonic  Analyser.  D.  C.  Miller.  (Frank.  Inst,  J.  182» 
pp.  286-822,  Sept.,  1916.)— Gives  a  full  description,  with  numerous  diagrams, 
of  the  Henrici  analyser,  as  made  by  Conradi,  of  Zurich.  An  instrument  of 
this  type  has  been  in  use  by  the  author  ^nce  1908  in  the  study  of  sound 
waves,  and  with  it  several  thousand  curves  have  been  analysed.  The  experi- 
ence thus  gained  has  led  to  the  development  of  various  instruments  and 
methods  for  facilitating  the  analytical  work,  both  with  this  particular  form  of 
analyser  and  in  general.  In  the  present  paper  a  description  is  given  of  these 
devices.  Details  are  alsp  given  of  an  extension  of  the  analyser,  which  gives  it 
a  range  of  thirty  components.  A.  W. 

1183.  Logarithmic  Plotting  of  Alignment  Charts  for  Additive  Expressions. 
C.  E.  P.  Sankey.    (Inst  Civ.  Eng.,  Proc.  201.  pp.  870-890,  1916-16.)— 


In  plotting  alignment  charts  for  expressions  of  the  form  a  •\-  bsssc  supports 
bearing  even  graduations  are  usually  employed.  For  expressions  of  the  form 
ax  b=sc  logarithmic  scales  are  employed,  and  they  have  the  advantage  that 
the  proportionate  error  is  the  same  at  all  readings.  In  the  present  paper  it  is 
shown  how  logarithmic  scales,  retaining  this  advantage,  can  be  used  for  the 
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additive  expression  a  +  6  =  c  This  end  is  achieved  by  a  special  transversal, 
consisting  of  straight  and  curved  portions,  which  is  drawn  on  a  transparent 
medium.  Two  forms  of  the  transversal  are  possible ;  one  of  them  is  shown 
in  the  Fig.  herewith.  With  the  transversal  shown  the  end  of  the  straight 
portion  must  always  he  applied  to  the  left-hand  support.  The  original 
contains  formulae  and  tables  for  plotting  the  curved  part  of  the  transversals. 

F.  T.  C. 

1184.  Measurement  of  Time  with  a  Moving-coil  Galvanometer.  P.  E. 
Klopsteg.  (Phys.  Rev.  8.  pp.  195-206,  Aug.,  1916.)— A  method  is  developed 
for  the  measurement  of  time  intervals  by  means  of.  a  short-period  galvano- 
meter under  two  conditions  of  damping,  viz.  slight  damping  and  critical 
damping.  It  depends  on  the  elongation  resulting  from  a  steady  current  sent 
through  the  instrument  during  the  interval  to  be  measured.  The  first 
method  may  be  used  for  intervals  approaching  the  half -period  of  the  coil, 
with  an  accuracy  of  about  0'B%,  The  method  which  makes  use  of  the 
critically  damped  condition  is  useful  for  intervals  of  at  least  the  same  length, 
with  an  accuracy  which  is  dependable  to  almost  01  %,  provided  a  shunt  of 
proper  resistance  is  used  to  make  damping  exactly  critical.  A  table  is  given 
which  simplifies  the  calculations  of  this  method,  and  an  equation  is  also 
given  by  means  of  which  the  critical  damping  resistance  may  accurately  be 
determined.    [See  Abs.  982  (1916).]  A.W. 

1185.  Apparent  Periodicities  of  Accidental  Phenomena,  T.  Terada. 
(Math.  Phys.  Soc.,  T6ky6,  Proc.  8.  pp.  492-496,  July,  1916.)— The  present 
note  is  chiefly  intended  to  draw  the  attention  of  seismologists  and  meteoro- 
logists to  the  existence  of  apparent  quasi-periodicity  in  accidental  phenomena, 
which  sometimes  might  be  mistaken  for  periodicities  with  real  physical 
significance.  A.  W. 

1186.  Semi-automatic  High-pressure  Installation.  Berkeley  and  C.  V. 
Burton.  (Phil.  Mag.  82.  pp.  168-161,  July,  1916.)— A  detailed  description 
of  a  special  piece  of  apparatus  which  is  to  be  used  in  a  research  later  to  be 
described.    For  further  information  the  original  should  be  referred  to. 

L.  H.  W. 

1187.  Speed  Sighting  and  Wind  Deflection  in  Artillery.  G.  Greenhill. 
(Engineer,  122.  pp.  188-184,  Aug.  18,  1916.)— Discusses,  with  ihe  aid  of 
several  diagrams,  the  way  in  which  the.back-  and  fore-sights  on  guns  should 
be  adjusted  to  allow  for  motion  of  either  target  or  platform,  or  of  both 
together.    The  theory  is  based  on  the  principle  of  relative  velocity. 

A.W. 

1188.  Theory  of  the  Stiffness  oj  Elastic  Systems.  M.  D.  Hersey.  (Wash- 
ington Acad.  Sci.,  J.  6.  pp.  669-575,  Oct.  4,  1916.)— The  author  in  his 
introduction  states  that  instead  of  treating  stiffness  directly,  writers  on 
elasticity  make  a  detour,  first  determining  the  strain  distribution  throughout 
the  interior  of  the  body,  which  procedure  limits  th'e  validity  of  the  result  to 
certain  rather  simple  geometrical  shapes.  While  such  detailed  analysis  is 
indispensable  for  some  purposes,  the  author  shows  in  the  present  paper  that 
this  is  by  no  means  true  for  all,  and  though  he  presents  some  examples  in 
connection  with  the  aneroid  barometer  yet  his  procedure  is  not  confined  to  that 
particular  elastic  system.  The  stiffness  of  coupled  systems  first  comes  under 
review,  the  influence  of  temperature  and  elastic  after-effect  being  considered  ; 
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this  leads  to  a  general  expression  for  the  stiffness  S  of  a  body,  where  for  a 
series  of  perfectly  elastic  bodies  of  different  sizes  or  materials  but  of  the  same 
generalised  shape,  S  =  LE^(<r)  =  L^it^^^)  =  L/(E,  fj),  in  which  L  denotes  any 
chosen  linear  dimension,  E  Young's  modulus,  ft  the  rigidity  {Le.  shear 
modulus),  and  <r  Poisson's  ratio.  The  functions  ^,  ^,  and  /  are  to  be  found, 
if  they  need  to  be  known  at  all,  by  detailed  calculations  employing  the  con- 
ventional theory  of  elasticity,  or  by  model  experiments.  The  change  in 
stiffness  with  temperature,  and  criteria  for  compensation  are  next  dealt  with  ; 
in  the  expressions  found  it  is  significant  that  there  are  no  terms  inseparably 
involving  both  shape  factors  and  thermal  properties,  so  that  the  complete 
expression  for  the  effect  Of  temperature  on  the  stiffness  of  a  body  made  of  a 
material  whose  temperature  coefficients  are  known,  can  be  developed 
empirically  without  changing  the  temperature.  Simplified  expressions  for 
homogeneous  isotropic  bodies  are  given  together  with  a  series  of  numerical 
results  in  particular  cases.  H.  H.  Ho. 

1189.  Cohesion,  II.  H.  Chatley.  (Phys.  Soc,  Proc.  28.  pp.  807-814, 
Aug.  16, 1916.)— In  his  earlier  paper  [Abs.  1489  (1916)]  the  author  suggested 
that  certain  empirical  formulae  could  be  employed  for  the  representation  of 
the  force  between  molecules  known  as  cohesion,  and  in  the  present  paper 
this  treatment  is  extended  and  various  correlated  facts  and  theories  are 
discussed.    The  principal  formula  suggested  is : 

Cohesion  =«  attraction  —  repulsion, 

wherp  /  is  the  cohesive  bond  between  two  molecules,  d  the  distance  between 
the  centres  of  the  molecules,  and  ki,  kt,  yi,  and  yi  are  coefficients  ;  ki  and  *t 
vary  with  the  substance,  ki  (perhaps  A,  also)  increases  with  rise  of  temperature, 
and  all  are  functions  of  d,  but  within  narrow  limits  may  probably  be  regarded 
as  constants.  Various  special  cases  are  discussed.  As  regards  the  magnitude 
of  the  attraction,  it  is  found  that  at  molecular  distances  the  **  gravitational " 
force  is  increased  about  lO'®  times,  and  it  is  interesting  to  note  that  this  ratio 
is  about  the  same  as  that  of  the  electrostatic  and  gravitational  attractions  of 
two  atoms.  This  result  appears  to  indicate  that  the  force  of  cohesion  is  com- 
parable with  the  electrostatic  forces  between  atoms,  i,e.  chemical  affinity. 
Nernst  and  Lindemann  (see  Nernst,  "  Theory  of  the  Solid  State,"  p.  4)  are  of 
this  opinion  but  from  other  reasons. 

The  outstanding  difference  between  chemical  affinity  and  cohesion  lies  in 
the  selective  character  of  the  first.  So  far  as  the  ability  of  valency  bonds  of 
an  atom  to  hold  a  molecule  is  concerned,  this  is  a  common  feature  in  organic 
compounds;  what  is  distinct  in  the  selective  process  is  the  feature  of 
"  saturation."  The  case  of  silica  is  considered.  (1)  In  each  sub-molecule, 
SiOt,  the  four  valency  bonds  of  the  silicon  atom  are  linked  in  pairs  to  two 
oxygen  atoms,  this  being  purely  chemical.  (2)  The  sub-molecules  are  linked 
in  pairs,  if  Nernst's  formula  (SiO»)j  is  correct ;  this  is  chemical  in  so  far  as 
it  occurs  in  constant  proportions,  but  is  cohesive  in  so  far  as  it  is 
the  linkage  of  molecules  as  distinct  from  atoms.  (8)  The  silica  molecules 
are  linked  to  one  another  irrespective  of  quantity,  but  with  a  configuration  of 
maximum  stability  (crystal)  with  four  axes  (hexagonal  system).  Linkage  can 
occur  without  geometrical  form  (amorphous  solid).  The  magnitude  of  the 
linkage  forces  is  inferior  to  that  of  (1)  and  (2),  but  not  incomparably  so 
(cohesion).  (4)  If  gravitation  is  not  a  particular  case  of  cohesion,  there  is,  in 
addition,  a  small  mutual  attraction  with  no  vector  quality  in  accordance  with 
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Newton's  law.  It  would  seem  possible  to  deduce  from  the  fields  about 
different  stable  systems  of  differently  charged  spheres  some  idea  as  to  the 
feasibility  or  otherwise  of  explaining  cohesion  on  these  lines.  T.  H.  P. 

1100.  Viscosity  of  Suspensions  of  Rigid  Particles  at  Different  Rates  of  Shear, 
E.  Humphrey  and  E.  Hatschek.  (Phys.  Soc.,  Proc.  28.  pp.  274-282, 
Aug.,  1916.) — ^The  work  here  described  was  undertaken  with  a  view  to  testing 
the  Einstein-Hatschek  formula  at  variable  rates  of  shear ;  acording  to  this 
formula  the  viscosity  of  a  suspension  of  rigid  spherical  particles  grows  in 
linear  ratio  with  the  aggregate  volume  of  suspended  particles.  Determina- 
tions of  the  viscosity  of  suspensions  of  starches  of  difiEerent  origins  (and  sizes) 
were  made  by  Harrison  (1911),  who  found  that  the  increase  in  viscosity  is 
independent  of  the  size  of  the  particles  and  in  linear  ratio  to  the  volume  as 
found  by  centrifuging  the  suspension  and  reading  the  total  volume  occupied 
by  the  granules.  On  the  other  hand,  Oden  (1912)  used  a  sulphur  sol  and 
found  that  the  viscosity  of  more  concentrated  solutions  increases  more  rapidly 
than  the  concentration,  and  also  that,  the  more  disperse  the  sol  (the  smaller 
the  particles),  the  greater  the  viscosity.  Some  of  these  discrepancies  seemed 
due  to  the  use  of  the  capillary  viscosimeter,  and  the  present  investigation  was 
undertaken  with  Hatschek's  modification  of  Couette's  apparatus,  which  allows 
of  a  variation  in  the  rate  of  shear.  The  suspension  emj^loyed  was  one  of  rice 
starch  (granules  about  0008  mm.  in  diam!)  in  a  mixture  of  carbon  tetra- 
chloride and  toluene,  the  amounts  of  the  two  liquids  being  adjusted  so  that 
the  starch  granules  remained  suspended  for  several  hours.  The  systems 
examined  were  0,  2,  4,  and  6  %  suspensions  by  volume,  and  the  angular 
velocities  varied  roughly  from  20^  to  180°  per  sec,  corresponding  with  linear 
velocities  of  the  revolving  cylinder  of  1*9-17'2  cm.  per  sec.  The  most 
noticeable  result  of  the  whole  set  of  determinations  is  the  marked  dependency 
of  the  viscosity  on  the  rate  of  shear  ;  this  is  much  greater  at  lower  rates,  but 
tends  to  approach  constancy  at  rates  above  a  certain  limit,  the  latter  itself 
increasing  with  the  concentration  of  the  suspension. 

The  deviations  from  the  formula  are,  indeed,  of  two  kinds,  the  increase  in 
relative  viscosity  being  more  ^han  linear,  especially  at  low  rates  of  shear,  and 
the  proportionality  factor  being  much  greater  than  the  figure  f oUnd  theoreti- 
cally. As  regards  the  latter,  the  difference  between  the  irregular  polyhedral 
granules  of  the  starch  and  spheripal  particles  may  be  sufficient  to  account  for 
the  discrepancy.  The  more  than  linear  increase  seems  to  indicate  that  the 
assumption  on  which  both  Einstein's  and  Hatschek's  deductions  are  based, 
namely,  that  the  particles  do  not  influence  one  another,  is  untenable.  One 
possible  source  of  error  in  the  experiments  may  lie  in  the  presence  of  imbibed 
water  in  the  starch  granules,  the  latter  possibly  being  incompletely  wetted 
by  the  medium.  T.  H.  P. 

1191.  Mercury  Droplets  and  Electronic  Charge.  L.  W.  McKeehan.  (Phys. 
Rev.  8.  pp.  142-148,  Aug.,  1916.)— This  work  is  incidental  to  additional  investi- 
gation of  the  correction  to  Stokes'  formula  in  gases,  using  mercury  spheres. 
The  experiments  show  that  constancy  of  mass  is  incompatible  with  the  con- 
tinued purity  of  the  material  in  a  gas,  and  that  hitherto  neglected  chemical 
properties  of  the  metal  profoundly  modify  its  behaviour  in  this  state  of  sub- 
division without  correspondingly  important  changes  in  the  appearance  of  the 
drops. 

The  rate  of  evaporation  from  a  clean  mercury  surface  at  the  average 
temperature  of  experiment  is  more  than  sufficient  to  account  for  the  max. 
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rate  of  decrease  observed.  It  appears  that  diffusion  of  the  vapour  is  able  to 
keep  its  partial  pressure  in  the  neighbourhood  of  an  isolated  sphere  of  the 
size  used,  very  far  below  the  saturation  pressure.  E.  H.  B. 

1192.  Vibratory  Whirls  in  Air.  L.  P6ri886.  (Soc.  Ing.  Civ.  de  France, 
Bull.  pp.  27-44, 1916.  Genie  Civil,  68.  pp.  288-285,  April  8, 1916.  Abstract) 
— This  paper  refers  to  experiments  carried  out  by  C.  Weyher  more  than 
25  years  ago,  and  to  his  theory  of  the  formation  of  vibratory  vortices  in  air 
due  to  .the  motion  of  a  blade- wheel  with  the  blades  disposed  longitudinally 
through  the  axis  of  rotation.  The  efforts  by  which  the  air  streams  were  made 
visible  are  described  in  detail.  It  has  been  found  that  two  kinds  of  air  streams 
are  formed  :  first,  helicoidal  centrifugal  spires,  going  from  the  equator  of  the 
rotating  sphere  to  each  pole ;  and  second,  helicoidal  centripetal  spires  going 
from  the  poles  to  the  equator.  The  paper  describes  in  some  detail  experi- 
ments made  to  determine  the  properties  of  attraction  and  repulsion  of  aerial 
whirls  as  compared  with  magnetic  bodies.  It  was  found  that  when  two 
blade- wheels  rotate  in  opposite  directions  they  tend  to  attract,  because  with 
the  air  streams  of  the  whirl  moving  in  the  same  direction  between  the  blade- 
wheels,  the  air  tends  to  become  rarefied  between  them,  and  the  external 
pressure  .makes  them  come  together.  If,  however,  the  wheels  rotate  in  the 
same  direction,  the  tendency  is  for  repulsion.  From  his  experiments  Weyher 
concluded  that  the  mechanism  of  vorticular  motion  is  as  follows : — ^The  gBS 
does  not  simply  rotate  in  a  single  path  about  its  axis,  but  is  broken  up  into 
an  infinite  number  of  streams  separate  from  one  smother ;  each  of  these 
streams  describes  helicoidal  screw  paths,  some  having  a  right-hand  and  some 
a  left-hand  thread,  some  centripetal  and  others  centrifugal.  This  amounts  to 
sa3ring  that  the  air  streams  cross  one  another  op  through  the  space,  moving  in 
opposite  directions  and  mutually  avoiding  each  other,  but  producing  as  many 
vibrations  as  there  are  crossings  of  paths,  i.e,  an  infinite  number.  An  inter- 
esting experiment  is  described  showing  that  this  particular  mechanism  may 
apply  to  the  case  of  ether.  The  paper  also  contains  applications  to  the 
problems  of  the  physics  of  the  ether  and  wireless  telegraphy.  H.  H.  Ho. 

1193.  Mechanical  Representation  of  Electric  and  Magnetic  Phenomena  and  the 
Theory  of  Relativity.  D.  Berthelot.  (Soc.  Ing.  Civ.  de  France,  Bull.  pp.  55-68, 
Jan.-March,  1916.  Rev.  Elec.  25.  pp.  246^-250,  April  21,  1916.)— Emphasises 
the  essential  duality  (translational  and  rotational)  of  electric  and  magnetic 
phenomena;  no  one  mechanical  representation  is  sufficient,  whence  we 
are  led  to  two  systems,  electrostatic  and  electromagnetic,  which  give 
electric  and  magnetic  ^quantities  in  terms  of  fractional  powers  of  L,  M,  T. 
If  we  try  to  give  K  and  /i  dimensions  which  bring  L,  M,  and  T  to 
integral  powers,  we  find  that  alternatively  K  is  an  elasticity  and  fg  a 
density,  or  vice  versa ;  and  we  have  no  real  means  of  determining  between 
these  alternatives.  Similarly  the  question  of  the  direction  of  the  vibrations 
of  the  ether  is  still  unsettled ;  so  is  the  question  whether  electric  energy  is 
potential  and  magnetic  kinetic,  or  vice  versa.  The  development  of  forces  due 
to  motion,  etc.,  have  no  analogy  in  Newtonian  mechanics  ;  either  of  the  two 
fields,  considered  alone,  can  easily  be  represented  by  a  mechanical  model, 
but  not  the  relations  of  the  two  fields.  We  cannot  express  electromagnetic 
phenomena  in  terms  of  the  primary  concepts  of  ordinary  mechanics.  But 
this  indicates  that  those  physicists  have  gone  too  far  who  have  used  the 
principle  of  relativity  to  modify  these  concepts  from  electromagnetic  data. 
Their  inference  that  the  velocity  of  light  is  a  limiting  velocity  is  too  radical ; 
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longitudinal  vibrations  of  the  ether  might  travel  more  rapidly  than  light 
does;  seismic  disturbances  travel  more  rapidly  than  sound-waves  in  the 
earth,  and  explosion-waves  in  the  air  may  travel  far  faster  than  sound- 
waves ;  and  it  is  not  impossible  to  conceive  terrestrial  experiments  involving 
velocities  of  propagation  exceeding  that  of  light.  A.  D. 

1194.  Apparatus  for  the  Determination  of  Gravity  at  Sea.  W.  G.  Duffield. 
<Roy.  Soc,  Proc.  92.  pp.  606-617,  Sept.  1, 1916.)— The  apparatus  which  was 
adopted  after  preliminary  experiments  by  the  author  is  shown  in  the  Fig.,  aad 
the  principal  dimensions  are  given  in  a  table.  A  constant  volume  of  air  is 
maintained  in  the  bulb  B  by  keeping  the  mercury  always  up  to  the  pointer 
at  C.  The  air  in  the  bulb  is  under  reduced  pressure  in  order  to  keep  the 
apparatus  within  reasonable  dimensions.  The  barometer 
tube  is  bent  so  that  H  is  vertically  above  C,  the  length        m  j. 

of  the  column  of   mercury  HC   being   approximately  F<^  | 

90  cm.    The  level  is  kept  at  C  by  raising  or  lowering       fflT  || 

the  level  of  the  mercury  in  the  index  tube  D  (of  fine 
bore  and  graduated  in  cm.)  by  means  of  an  exhaust 
pump.  From  the  reading  of  the  level  of  the  mercury  in 
this  tube,  when  contact  is  made  with  the  pointer  at  C, 
the  value  of  gravity  can  be  calculated.  The  other  side 
tobe  E  is  of  wider  bore,  and  is  used  only  for  making  the 
initial  adjustment  at  the  beginning  of  the  voyage.  It 
was  introduced  on  account  of  the  great  difficulty  of 
correctly  adjusting  the  amount  of  mercury  in  the  appa- 
ratus, and  to  enable  it  to  be  used  for  various  ranges  of 
temperature.  From  the  dimensions  which  are  given  in 
the  original,  it  is  calculated  that  a  change  of  level  of 
1  mm.  in  the  index  tube  is  equivalent  to  a  change  in  the 
value  of  gravity  of  0*068  cm./sec.». 

Between  lat.  0°  and  64°  a  movement  of  the  mercury 
in  the  index  tube  of  about  60  mm.  is  required.  To  main- 
tain the  whole  apparatus  at  as  uniform  a  temperature  as 
possible,  it  is  immersed  in  water  in  a  stout  zinc  vessel.  V\ 
This  is  suspended  by  cords  from  the  ceiling  of  the 
refrigerator  on  board  ship.  The  motion  of  the  vessel 
keeps  the  water  stirred,  and  before  making  readings  it 
is  further  agitated  by  pumping  air  through  it  by  means 
of  a  bicycle  pump.  The  moment  of  contact  of  the 
mercury  with  the  pointer  at  C  is  detected  electrically  by 
means  of  a  trembler  coil  and  telephone.  -  «i«^-, 

The  readings  are  made  in  the  following  manner  : —  HHl 

By  means  of  the  hand  Fleuss  pump  a  vessel  V 
is  partially  exhausted.  It  is  then  placed  in  communi- 
cation with  the  index  tube  D,  and  the  level  of  the  mercury  in  that  tube 
raised  to  about  8  cm.  above  the  level  at  which  contact  had  occurred  during 
the  previous  experiment.  The  mercury  in  the  contact  tube  is  then  below  the 
pointer,  and  the  telephone  is  silenti  A  two-way  tap  is  then  turned,  and 
air  gradually  admitted  to  the  index  tube  D  through  a  tube,  which  is  fine- 
drawn to  prevent  the  thread  of  mercury  from  moving  too  rapidly.  The 
mercury  falls  slowly  io  the  index  tube  until  the  level  of  mercury  in  the 
•contact  tube  has  been  raised  sufficiently  for  the  telephone  circuit  to  be 
completed. 
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The  contact  error  and  the  temperature  correction  are  discussed  at  length 
in  the  paper,  as  is  also  the  error  due  to  the  introduction  of  capillary  tubing 
(necessary  to  prevent  "  pumping  "). 

The  Talue  of  ^g  was  calculated  from  the  knowledge  that  the  area  of  the 
barometer  tube  was  84*6  times  that  of  the  capillary  index  tube,  and  that  the 
instrument  was  designed  for  a  mercury  column  20  cm.  in  height,  where 
gravity  has  the  value  981. 

Interesting  observations  were  carried  out  with  the  apparatus  on  a  voyage 
t<r  Australia  in  1914.  E.  O.  W. 

1196.  On  the  Dderminaiion  of  Gravity  at  Sea.  (Note  on  Duffield's  paper.) 
A.  Schuster.  (Roy.  Soc.,  Proc.  92.  pp.  617-^28,  Sept  1, 1916.)— The  author 
enters  upon  a  discussion  on  the  theoretical  side  of  Duffield's  method  [see 
preceding  Abs.]  in  order  that  an  opinion  may  be  formed  as  to  its  capabilities 
and  limitations.  For  this  purpose  it  is  especially  necessary  to  investigate  the 
effects  of  the  forced  vibrations  which  may  be  imposed  on  the  mercury  in  the 
apparatus  by  the  vertical  acceleration  of  the  ship.  The  problem  of  deter- 
mining the  period  of  free  oscillation  in  a  barometer  tube  is  very  simple,  but 
in  the  present  case  three  tubes  are  connected  with  each  other,  and  at  least 
two  of  the  tubes  are  not  of  uniform  section,  but  contain  a  portion  with 
a  narrow  bore,  introduced  to  damp  the  oscillations.  An  equation  is  derived 
by  means  of  which  the  motion  of  the  mercury  in  the  three  tubes  if  disturbed 
from  its  position  of  equilibrium  and  left  to  itself  may  be  determined.  It  is 
shown  that  the  length  of  the  capillary  in  the  contact  tube  is  too  small  and 
might  be  increased  in  future  designs.  Investigation  is  made  as  to  the 
effects  of  experimental  errors  so  far  as  they  are  affected  by  the  relative 
dimensions  of  the  various  parts  of  the  apparatus.  Much  depends  upon  the 
regularity  of  the  electrical  contact.  Small  variations  must  be  expected.  If 
the  contact  be  slightly  delayed  owing  to  a  speck  of  dust  or  otherwise,  so 
that  the  level  in  the  contact  tube  is  too  high  when  the  signal  is  given,  the 
level  in  the  barometer  tube  will  be  too  high  by  the  same  amount,  so  that  the 
total  quantity  of  mercury  in  the  two  tubes  will  exceed  the  proper  amount, 
with  the  result  that  the  level  in  the  index  tube  will  be  the  same  as  if,  the 
contact  being  made  at  the  right  time,  the  mercury  in  the  barometer  tube 
stood  by  a  certain  amount  above  its  correct  height.  The  author  goes  on  to 
show  how  this  difficulty  might  be  overcome.  The  capillary  in  the  contact 
tube  might  be  of  smaller  bore. 

As  regards  the  error  due  to  the  vertical  motion  of  the  ship,  the  oscillation 
of  the  mercury  may  cause  the  contact  to  be  accelerated  or  retarded. 

Insufficient  attention,  the  author  thinks,  has  been  given  to  the  angular 
displacements  of  the  barometer  system,  which,  owing  to  the  ship's  motion, 
cannot  be  trusted  to  remain  perfectly  vertical.  The  matter  is  important, 
because  the  error  cannot  be  eliminated  by  repeating  the  observations. 
Whether  the  deviation  be  to  the  right  or  left,  the  mercury  will  always 
rise  in  the  barometer  tube,  and  for  a  deviation  a  the  apparent  height  of  4he 
barometer  will  be  /r/cos  a,  when  its  real  height,  i,e.  the  vertical  difference  of  level 
in  the  barometer  and  contact  tube,  is  h.  A  deviation  of  1°  would  consequently 
cause  an  error  of  1*6  x  1Q-*  in  the  value  of  Sgig,  To  reduce  the  error  to 
2  X  IQr*,  the  barometer  system  should  never  deviate  more  than  22  minutes 
of  arc  from  the  vertical.  E.  O.  W. 

1196.  On  the  Special  Gravitation  of  the  Electric  Field  given  by  Einstein's 
Theory.    H.  Reissner.   (Ann.  d.  Physik,  50. 1.  pp.  106-120,  June  6, 1916.)— By 
VOL.  XIX.— A.— 1916. 

Digitized  by  VjOOQ rC  ' 


GENERAL  PHYSICS,  467 

his  explanation  of  the  motion  of  the  planet  Mercury,  Einstein  has  demon- 
strated the  fruitfulness  of  his  new  covariant  field  equations  of  gravitation,  and 
therewith  the  postulate  of  general  relativity.  In  addition,  Einstein  has  given 
the  gener^  covariant  expression  for  the  Maxwell-Lorentz  equations.  The 
present  author  has  taken  as  the  next  problen^  the  investigation  of  the  influ- 
ence of  this  special  gravitation  in  an  electric  field  assumed  for  simplicity  to 
be  spherically  symmetrical.  The  paper  first  deals  with  the  tensor  of  the 
electrostatic  field,  after  which  the  field  equations  are  developed  and  their 
integration  discussed.  The  integration  constants  are  next  treated  at  some 
length,  and  finally  the  gravitational  field  of  an  uncharged  spherical  mass  at 
rest  is  investigated.  The  author  attempts  to  find  a  statical  union  of  charged 
elements  by  means  of  this  special  gravitation,  without  taking  Maxwell's  theory 
as  a  basis,  and  he  has  established  that  the  Einstein  gravitation,  uc^  the  field  of 
the  electrically  charged  elements,  is  distorted  to  a  definite  but  abnormally 
small  degree.  H.  H.  Ho. 

1197.  Results  of  Registering  Balloon  Ascents  at  Batavia,  W.  van  Bern- 
melen.  (Review  in  Nature,  98.  p.  21.  Sept  7, 1916.) — Ascents  of  registering 
balloons  were  made  on  108  occasions  from  1910  to  1915,  and  of  these  66 
furnished  available  records.  Tables  of  temperature  and  humidity  in  the 
free  atmosphere  are  given,  and  there  is  a  discussion  of  the  diurnal  and 
seasonal  variations.  Eighteen  ascents  reached  the  stratosphere,  the  mean 
height  of  which  is  just '  under  17  km.  at  Batavia.  The  freezing-point  is 
reached  at  4*7  km.;  at  10km.  the  temperature  is  289° A.,  at  17km.  the  low 
value  of  189°A.  is  found.-  The  corresponding  values  over  England  at  10  and 
17  km.  are  222^  and  219°  A.  On  one  occasion  a  temperature  of  188°  A.  was 
reached  at  16*7  km. 

The  standard  deviation  of  the  mean  values  is  small,  so  that  there  is  no 
room  for  serious  error  in  the  average  values.  [This  monograph  is  published 
by  the  Batavia  Javasche  Bockhandel  en  Drukkerij,  1916.J  R.  C. 

1198.  Diurnal  Variation  of  Atmospheric  Electrical  Quantities,  E.  H. 
Nichols.  (Phil.  Mag.  82.  pp.  282-294,  Sept.,  1916.)— Describes  the  results 
of  hourly  observations  of  electrical  elements  at  Kew  Observatory  in  May» 
June,  and  July,  1914,  which  were  made  during  the  daytime  on  four  days 
in  each  month,  by  means  of  the  Wilson  portable  electrometer.  The  curve 
showing  the  mean  diurnal  variation  of  the  positive  charge  per  cm.'  shows  a 
maximum  at  11  a.m.,  while  that  for  the  conductivity  gives  a  maximum  at 
2  p.m.  The  air-earth  current  shows  little  variation,  but  the  mobility  of  the 
ions  gives  a  decided  increase  after  noon.  The  potential  shows  a  definite 
minimum  in  the  afternoon,  and  agrees  closely  with  the  normal  for  1898  to 
1912  for  those  months  on  electrically  quiet  days. 

Results  of  similar  observations  made  at  Eskdalemuir  in  Aug.  1914, 
including  hourly  measurements  on  Aug.  21,  when  a  partial  solar  eclipse 
occurred,  are  also  described.  R.  C. 

1199.  Twilight  Phenomena,  P.  Qruner.  (Archives  des  Sciences,  42. 
pp.  82-46,  July,  1916.) — A  scheme  is  proposed  for  the  systematic  observa- 
tion of  twilight  sky  colours,  both  near  and  opposite  to  the  sun,  with  detailed 
instructions  for  the  various  physical  phenomena  to  be  noticed.  C.  P.  B. 

1200.  Change  in  the  Composition  of  the  Atmosphere  with  Height,  A. 
Wigand.    (Phys.  Zeits.  17.  pp.  896-400,  Sept.  1,  1916.)— In  1911-12  the 
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author  made  4  balloon  ascents  from  Bitterfeld  up  to  9000  m.  and  collected 
11  samples  of  air,  some  of  which  E.  Erdmann  and  A.  Lange  analysed  by 
the  Erdmann  method  of  fractionated  condensation.  Only  four  analyses 
could  be  made  before  the  war,  however,  and  the  results  are  published  now 
because  the  completion  of  the  analyses  is  doubtful.  There  were  further 
available  21  analyses,  carried  out  by  the  same  experimenters  and  by  Haschek, 
of  air  samples  collected  in  1910  when  Halle/s  comet  was  approaching  the 
earth,  in  balloon  ascents  from  Lindenberg-f?)  and  from  Vienna  (14).  The 
author  collected  his  samples  in  glass  bottles  of  3  litres'  capacity  ending 
below  in  two  thick-walled  fine  tubes,  one  sealed  after  evacuation,  the  other 
provided  with  a  three-way  tap.  To  the  latter  an  Al  tube,  80  m.  long,  7  mm. 
external  diam.,  could  be  attached  in  20  sections.  Special  precautions  were 
taken  to  prevent  contamination  of  the  air  collected  by  the  COt  exhaled 
by  the  aeronauts  and  by  the  hydrogen  from  the  balloon.  The  analyses 
concern  CO, ;  He,  Ne,  and  H  (together) ;  and  also  H  (spectroscopic).  The 
COt  percentage  decreased,  the  proportion  of  the  other  gases  increased,  as  the 
height  above  the  earth's  surface  increased  to  9  km.,  from  22*8  to  88*7  mm.' 
per  litre.  The  weather  conditions  were  sometimes  cyclonic ;  but  the  material 
is  insufiBcient.for  drawing  conclusions.  H.  B. 

1201.  The  Sakura-yima  Eruption  of  January,  1914.  (Imp.  Earthquake 
Investig.  Committee,  Bull.  8.  pp.  85-179,  1916.  Abstract  by  C.  Davison 
in  Nature,  98.  pp.  67-^8,  Sept  21,  1916.)--Omori  has  recently  published  a 
second  valuable  memoir  on  the  eruption  of  Sakura-Jima.  The  volcano  lies  in 
Kagoshima  Bay  in  South  Japan.  Formerly  an  island,  it  is  now  connected  by 
a  lava  stream  to  the  land.  The  eruption  appears  to  have  caused  a  depression 
of  the  ground  in  the  neighbourhood.  The  point  of  maximum  depression, 
which  probably  coincides  with  the  principal  centre  of  the  lava  reservoir,  lies, 
not  under  Sakura-Jima,  but  in  the  region  between  it  and  the  active  volcano 
of  Kirishima. 

The  triangulation  surveys  of  1898  and  1914  also  reveal  considerable  dis- 
placements, both  horizontal  and  vertical,  in  Sakura-Jima,  while  the  coast  of 
the  island  is  everywhere  depressed.  Three  points  in  the  interior  have  been 
raised  014  and  about  97  and  10*4  m.  The  horizontal  displacements  in  the 
north-west  of  the  island  vary  from  2*04  to  8*62  m.  towards  the  soutl\,  and  in 
the  west  and  north  by  amounts  from  1*08  to  4*52  m.  towards*  the  north  and 
north-east  The  north  and  south  portions  of  Sakura-Jima  have  thus  been 
displaced  outwards  in  contrary  directions.-  Moreover,  displacements  of  0*58 
to  0*95  m.  along  the  west  coast  of  Kagoshima  Bay  converge  with  those  in  the 
west  and  north  of  Sakura-Jima  towards  an  elliptical  area  which  agrees 
roughly  with  the  area  of  greatest  depression.  Sounds  were  heard  within  two 
entirely  detached  areas  similar  in  form  and  to  some  extent  in  magnitude. 
The  width  of  the  silent  zone  was  40  to  50  km.  for  the  strong  detonations, 
and  about  108  km.  for  the  after-explosions.  The  greatest  distance  at  which ' 
the  detonations  were  heard  was  about  500  km.  towards  the  N.E.,  but  the  air 
vibrations  were  strong  for  about  85  km.  farther  in  the  same  direction. 

E.  O.  W. 

1202.  Movements  of  the  Earth's  Pole.  E.  H.  Hills.  (Nature,  97.  pp.  680- 
586,  Aug.  24, 1916.  Discourse  delivered  at  the  Roy.  Inst,  May  19, 1916.)— 
The  progress  of  investigation  in  the  study  of  variation  of  latitude  is  sum- 
marised from  the  time  when  Chandler  and  Kustner  made  their  important 
observations  (1884),  to  the  later  results  obtained  by  the  International  Latitude 
Bureau.    [See  Abs.  1210  (1915).]  C.  P.  B. 
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1203.  Atmospheric  Transmission,  F*  W.  Very.  (Science,  44.  pp.  168-171, 
Aug.  4, 1916.)— A  lengthy  criticism  is  made  of  the  observations  by  Abbot  at 
Mt.  Wilson  from  which  the  variability  of  solar  radiation  has  been  inferred. 
It  is  emphasised  that  the  variations  of  terrestrial  atmospheric  transmission 
are  considerable,  mainly  due  to  the  large  movements  of  water-vapour  near 
midday.  Details  are  also  given  of  the  author's  work  on  the  comparison  of 
intensity  of  earth-shine,  moonlight,  and  skylight  in  connection  with  the  same 
problem.  C.  P.  B. 

1204.  Oil  Drive  for  Equatorial  Telescope.  S.  Bolton.  (Nature,  98.  pp.  28- 
29,  Sept.  14, 1916.)— Ah  oil  regulator  invented  by  G.  H.  Denison,  of  Leeds, 
has  been  successfully  employed  for  driving  the  26-in.  equatorial  reflector 
used  by  the  author  in  his  astronomical  work.  The  oil  cylinder  is  arranged 
vertically  near  the  telescope  pillar,  and  the  motion  of  the  piston  is  transmitted 
to  the  polar  axis  by  a  cord  passing  over  suitable  pulleys.  The  rate  of  motion 
is  controlled  by  a  valve  permitting  the  passage  of  oil  from  the  cylinder  to  a 
reservoir  placed  above  it  As  arranged,  the  regulator  runs  for  8  hours 
before  needing  rewinding.  An  oil  possessing  a  high  flash-point  is  most 
suitable,  as  the  change  in  viscosity  under  different  temperatures  is  then  not 
great.  Small  errors  in  driving  are  found,  but  it  is  hoped  to  reduce  them  by 
suitable  additions  to  the  apparatus.  C.  B.  P. 

1206.  Planetary  Influence  on  Solar  Activity.  V.  Kodtitzin.  (Comptes 
Rendus,  168.  pp.  202-204,  Aug.  21,  1916.)— A  short  discussion  is  given  on 
the  possibility  that  the  variations  of  solar  activity  may  be  due  to  planetary 
influence,  or  are  to  be  looked  for  in  consequence  of  the  initial  conditions  of 
the  primitive  nebula  from  which  the  solar  system  is  considered  to  be  derived. 

C.  P.  B. 

1206.  Large  Solar  Prominences,  J.  Evershed.  (Observatory,  No.  504. 
pp.  892-898,  Sept.,  1916.) — Large  solar  prominences  have  been  recorded 
somewhat  frequently  in  the  present  cycle.  One  recorded  visually  by  Fenyi 
on  1915  Dec.  28,  and  another  photographed  in  Kashmir  have  been 
greatly  exceeded  by  an  eruption  photographeid  in  Kashmir  on  1916  May  26, 
at  latitude  +  45°  to  +  65°  on  ihe  cast  limb.  The  actual  measured  height  of 
the  highest  point  is  18*5  mins.  of  arc,  or  500,000  miles.  It  seems  characteristic 
of  this  type  of  prominence  that  the  outermost  parts  leave  the  sun  with 
accelerating  velocity,  and  fade  away  to  invisibility  in  a  few  minutes. 

C.  P.  B. 

1207.  Relative  Luminosities  of  Sun  and  Stars.  C.  T.  Whitmell. 
(L'Astronomie,  Aug.,  1916.  Nature,  97.  p.  528,  Aug.  24,  1916.  Abstract.)— 
Assuming  the  sun's  stellar  magnitude  to  be  — 26*5,  and  denoting  the  lumin- 
osity, parallax,  and  magnitude  of  the  star  by  L,  p,  m,  the  luminosity  of 
the  star  in  terms  of  that  of  the  sun  may  be  calculated  from  the  equation 
log  L  =  00289  — 2  log ^  —  0-4  m.  The  constant  term  depends  upon  the 
value  assigned  to  the  sun's  stellar  magnitude.  C.  P.  B. 

1208.  Influence  of  Venus  on  Sun-spot  Latitudes,  H.  Arctowski.  (Comptes 
Rendus,  168.  pp.  121-122,  July  81, 1916.)— Examination  of  the  Greenwich  sun- 
sp)ot  records  from  1874-1918  shows  a  variation  in  the  mean  spot  latitude  for 
selected  rotations,  to  an  extreme  value  of  7°,  but  there  is  a  large  difference 
of  phase  between  the  path  of  Venus  in  latitude  and  the  oscillation  of  spot 
latitudes,  rendering  it  difficult  to  decide  whether  the  effect  is  inverse  or 
direct.     [See  Abs.  182  (1912).]  C  P.  B. 
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1200.  Anomalous  Dispersion  in  the  Sun,  S.  Albrecht.  (Astrophys.  J. 
44.  pp.  1-14,  July,  1916.)— In  an  earlier  paper  [Abs.  1220  (1916)]  thfe  author 
showed  that  lines  in  the  solar  spectrum  which  have  close  companions  of 
sufficient  intensity  are  displaced  relatively  to  their  positions  obtained  in 
laboratory  spectra,  and  that  these  displacements  show  considerable  agreement 
with  the  requirements  of  the  anomalous  dispersion  theory.  This  view  was 
doubted  by  Royds  and  Evershed  [Abs.  296  (1916)].  The  author  now  presents 
a  discussion  of  the  displacements  grouped  according  to  whether  both  com- 
ponents of  the  close  double  are  due  to  the  same  element  or  to  different 
elements,  the  shifts  in  the  former  case  being  double  those  in  the  latter 
category.    [See  also  Abs,  1006  (1916).]  C.  P.  B. 

1210.  Doubte  Occulting  Shutter  for  Stellar  Photographs.  O.  J.  Lee.  (Astro- 
ph3rs.  J.  44.  pp.  59-61,  July,  1916.)— A  special  form  of  double-disc  rotating  sector 
has  been  devised  for  reducing  the  intensity  of  bright  stars  when  needed  for 
measurement  with  neighbouring  faint  stars  for  parallax  measurement.  The 
discs  are  arranged  as  differential  wheels  with  99  and  100  teeth,  giving  a 
"  creep  "  of  one  revolution  in  100.  Varying  apertures  may  be  used.  It  was 
found  possible  to  get  measurable  images  of  Sirius  and  Procyon  with  6-minute 
exposures,  the  star  discs  being  reduced  to  below  those  corresponding  to 
8-6  naagnitude.  C.  P.  B. 

1211.  Hydrocarbon  Origin  of  Fraunhofefs  G  Band  in  the  Solar  Spectrum, 
H.  F.  Newall,  F.  £.  Baxendall,  and  C.  P.  Butler.  (Roy.  Astron.  Soc., 
M.N.  76.  pp.  640-641,  June,  1916.)— The  characteristic  band  with  head  at 
X4814  in  the  solar  spectrum  has  been  identified  with  the  band  shown  in  the 
candle-flame  spectrum  at  that  position.  The  band  is  of  considerable  import- 
ance in  the  interpretation  of  celestial  spectra,  exhibiting  marked  changes  in 
excessive  types  of  stellar  spectra.  A  reproduction  is  given  from  a  photograph 
of  the  spectrum  of  the  blue  cone  at  the  base  of  a  Meker  bumef  flame,  in 
comparison  with  the  solar  spectrum  with  the  same  instrument.  Superposed 
spectra  of  an  iron  arc  are  included  for  check  during  the  long  exposure  on  the 
flame  spectrum  (12  hours).  C.  P.  B. 

1212.  Temperature  and  Radiation  of  the  Sun.  C.  Q.  Abbot,  F.  E.  Fowle, 
and  L.  B.  Aldrich.  (Astrophys.  J.  44.  pp.  89-44,  July,  1916.)— The  paper  is 
mainly  a  criticism  of  a  paper  by  Biscoe,  whose  assumption  of  a  sharply- 
defined  *''black-body  "  photosphere  radiating  through  a  thin  gaseous  envelope 
taking  little  part  in  the  radiation  is  regarded  as  untenable.  With  respect  to 
the  suggestion  that  the  variability  of  the  solar  radiation  as  observed  at  Mount 
Wilson  and  Bassour  is  probably  due  to  variations  of  terrestrial  atmospheric 
transmission,  the  authors  repeat  their  belief  in  the  reliability  of  their  results, 
and  show  that  it  is  supported  by  several  different  investigations.  [See  also 
Abs.  767  (1916).]  ^  C.  P.  B. 

1213.  Solar  Radiation  and  Melting  of  Polar  Caps  of  Mars.  E.  M.  Antoniadi. 
(Roy.  Astron.  Soc,  M.N.  76.  pp.  648-645,  June,  1916.)— Examination  of  the 
records  of  the  melting  of  the  polar  caps  of  Mars  from  1862  to  1914,  furnishes 
satisfactory  evidence  of  a  relation  between  the  phenomenon  and  the  changes 
in  the  solar  activity.  Details  of  the  principal  cases  are  given.  With  a  few 
exceptions,  due  to  local  causes  on  the  planet,  the  melting  of  the  polar  caps  is 
accelerated  when  sun-spots  are  numerous  and  retarded  when  they  are  few. 
A  diagram  is  given  showing  the  close  relationship  between  the  two  phenomena. 
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1214.  Meteorology  of  the  Moon.  W.  H.  Pickering.  (Monthly  Weather 
Rev.  44.  pp.  70-74,  Feb.,  1916.)— Attention  is  drawn  to  the  facf  that  the 
popular  belief  in  the  idea  of  the  moon's  features  being  unaltered  during 
historical  time  is  not  in  agreement  with  the  expressed  opinion  of  all  the  more 
noted  lunar  observers.  Drawings  are  given  showing  changes  seen  in  the 
form  of  several  bright  spots  on  the  mountain  Pico,  from  which  it  is  inferred 
that  the  whiteness  is  due  to  snow,  possibly  produced  by  the  freezing  of 
water-vapour  issuing  from  rents  in  the  lunar  crust.  C.  P.  B. 

1216.  Photographic  Measurement  of  Canals  of  Mars,  G.  H.  Hamilton. 
(Observatory,  No.  504.  pp.  868-867,  Sept.,  1916.) — ^A  drawing  is  given  showing 
details  measured  on  a  photograph  of  Mars  taken  by  Lowell  on  1916  March  16. 
Many  canals,  some  double,  are  certified  to  be  distinctly  seen,  and  equations 
are  provided  for  reducing  the  rectangular  coordinates  of  the  measures  to 
latitude  and  longitude  on  the  planet.  C.  P.  B. 

1216.  Variable  NeBula  in  Corona  Australis,  J.  H.  Reynolds.  (Roy. 
Astron.  Soc,  M.N.  96.  pp.  645-646,  June,  1916.)— The  nebula  N.G.C.  6729,  in 
Corona  Australis,  was  discovered  by  Marth  at  Malta,  and  independently  by* 
Schmidt  at  Athens,  the  latter  suspecting  its  variability.  Photographs  taken 
at  the  Helwan  Observatory  by  Knox-Shaw  leave  little  doubt  as  to  the  variability. 
The  region  is  a  very  remarkable  one,  containing  a  large  bright  globular 
cluster  (N.G.C.  6728),  an  irregular  nebula  (N.G.C.  6726,  6727)  containing  two 
stars  of  6*7  and  8  mag.  and  the  three  variable  stars  R,  S  and  T  Coronas 
Australis,  while  there  is  a  comparative  absence  of  stars  in  and  around  the 
nebulous  region.  The  nebula  varies  both  in  brightness  and  form.  H.  Knox- 
Shaw.  (Roy.  Astron.  Soc.,  M.N.  76.  pp.  646-^7,  June,  1916.)— Further 
information  is  given  beyond  that  available  in  the  note  by  Reynolds,  and  four 
of  the  photographs  arc  reproduced,  showing  the  variability  very  clearly. 
There  seems  to  be  no  simple  relation  between  the  form  of  the  nebuLa  and  the 
magnitude  of  the  vanable  R,  although  the  nebula  is  brightest  when  R  is 
brightest.  Variations  of  a  faint  star  south-following  the  nebula  suggest  the 
possible  action  of  an  absorbing  >medium,  but  of  this  there  is  at  present  no 
reliable  evidence.  ^«  P*  B. 

1217.  Period  of  U  Cephei,  M.  B.  Shapley.  (Astrophys.  J.  44.  pp.  51-58, 
July,  1916.) — ^The  available  observations  of  this  variable  are  discussed  with 
regard  to  the  possibility  of  a  change  in  the  period,  the  variations  from 
elements  predicted  by  different  formulae  being  shown  in  diagrams.  The 
variation  appears  to  consist  of  a  definite  change  in  the  length  of  the  light- 
period  rather  than  alteration  of  the  width  of  the  minimum,  or  changes  of  the 
comparison  star.  Wendell's  elements  seem  best  as  a  working  formula  at 
present,  but  would  probably  predict  minima  too  early.  C.  P.  B. 

1218.  Continuous  Spectrum  of  Stars  in  Relation  to  Absolute  Magnitude. 
G.  S.  Monk.  (Mt.  Wilson  Solar  Observatory,  Contrib.  No.  119.  Astrophys. 
J.  44.  pp.  45-50,  July,  1916.) — Adams  has  already  shown  that  stars  of  small 
proper  motions  are  relatively  weaker  in  the  more  refrangible  portion  of  the 
spectrum  [Abs.  882(1914)].  It  was  found  that  the  difference  increases  with 
advancing  type  from  F  to  K.  The  work  has  been  continued  by  comparing 
the  density  of  the  continuous  spectrum  of  various  stars  with  standard 
exposures  on  the  spectrum  of  Arcturus.  The  conclusion  is  that  the  greater 
part  of  the  effect  is  due  to  differences  of  absolute  magnitude  rather  than  to 
absorption  of  light  in  space.  C.  P.  B. 
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1219.  Systematic  Motions  of  K-type  Stars.  S.  C.  Metering.  (Review  in 
Observatory,  No.  504.  p.  896,  Sept.,  1916.)~The  author  has  investigated  the 
motions  of  the  K  stars  in  Boss's  catalogue  according  to  the  two-drift  theory. 
The  results  appear  in  agreement  with  those  obtained  from  a  discussion  of  all 
the  stars  in  the  catalogue  without  distinction  of  type.  Although  the  third 
drift  is  not  mentioned,  it  is  shown  in  the  diagrams  accompan3nng  the 
memoir.    The  thesis  is  in  English  [published  by  Hoitsema,  Groningen]. 

C.  P.  B. 

1220.  Maxima  of  Mira  Ceti  in  1915.  F.  de  Roy.  (Soc.  Spettroscop. 
Ital.,  Mem.  5.  July,  1916.    Nature,  98.  pp.  21-22,  Sept.  7,  1916.    Abstract)-- 

'  Observations  of  this  variable  were  made  from  1914  Nov.  21  to  1916  March  8, 
and  the  maxima  were  found  to  be  on  1915  Jan.  25  (mag.  8*8),  and  1915 
Dec.  20  (mag.  80),  with  a  minimum  on  1915  Aug.  22  (mag.  8*7).  The  first 
maximum  was  a  low  one,  and  the  minimum  a  high  one ;  the  second  maximum 
was  about  normal.  .  C.  P.  B. 

1221.  Faint  Star  with  Large  Proper  Motion,  £.  £.  Barnard.  (Nature, 
98.  p.  22,  Sept.  7,  19i6.) — Examination  by  the  blink-microscope  of  photo- 
graphs taken  with  the  10-in.  Bruce  telescope  at  Yerkes  resulted  in  the 
detection  of  a  faint  star  (11  mag.)  having  an  annual  proper  motion,  in  a 
northerly  direction,  of  10  sees,  of  arc.  The  star's  position  is  RA=sl7h.  53m. 
44s. ;  Decl.=:  +  4P  27*4'  (1916*0).  The  motion  is  confirmed  by  plates  taken  at 
Harvard.  -  C.  P.  B. 

1222.  System  of  Polaris.  L.  Courvisier.  (Astrbn.  Nachr.  4854.  Nature, 
98.  p.  22,  Sept.  7,  1916.  Abstract.) — It  is  announced  that  a  discussion  of 
available  observations  gives  evidence  that  the  visible  9th  mag.  companion 
to  Pobris  is  a  member  of  the  system,  making  it  quadruple.  The  period  of 
this  component  is  given  as  20,000  years ;  the  other  two  companions  have 
periods  of  4  days  and  12  years  respectively.  C.  P.  B. 

1223.  Distribution  of  Stars  in  Globular  Cltisters.  A.  S.  Eddington.  (Roy. 
Astron.  Soc,  M.N.  76.  pp.  572-585,  May,  1916.)— A  lengthy  discussion  is  given 
of  the  significance  of  the  law  of  density  found  by  Plummer  and  H.  v.  Zeipel 
to  govern  the  distribution  of  stars  in  globular  clusters  [see  Abs.  812  (1916)]. 

C.  P.  B. 

1224.  Radiation-pressure  and  Rotation  of  Celestial  Bodies.  T.  Bialobjeski. 
(Comptes  Rendus,  162.  pp.  782-784,  May  22, 1916.)— A  short  discussion  is  given 
of  the  possible  reactive  effect  of  radiation-pressure  on  the  velocity  of  rotation 
pf  the  body  emitting  the  light  radiation,  with  special  reference  to  the  observed 
laws  of  rotation  of  the  solar  surface  and  atmosphere  as  determined  by  different 
methods.  C.  P.  B. 

1226.  Detection  of  Proper  Mottons  with  Blink-microscope.  R.  T.  A.  Innes. 
(Union  Observatory  of  S.  Africa,  Circ.  No.  85.  pp.  269-278,  June  24, 1916.)— 
Detailed  notes  are  given  of  the  measurement  of  9  paurs  of  plates  taken  at 
Greenwich,  with  intervals  from  18  to  22  years,  and  of  1  pair  taken  at  the  Cape 
with  interval  of  21  years.  The  detection  of  proper  motions  was  made  very 
quickly  with  the  blink-microscope,  suid  the  results  are  given  in  a  table 
showing  values  for  14  stars.  C.  P.  B. 
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1226.  Scattering  and  Regular  Reflection  of  Light  by  an  Absorbing  Gas. 
R.  W.  Wood  and  M.  Kimura.  (Phil.  Mag.  82.  pp.  32d-844,  Sept.,  1916.) 
— In  previous  papers  [Abs.  1182  (1912)]  it  has  been  shown  that  mercury 
vapour,  at  room  temperature,  in  an  exhausted  quartz  bulb,  when  illuminated 
by  the  light  of  a  quartz  mercury  arc,  re-emits  diffusively  a  monochromatic 
radiation  of  wave-length  2586,  termed  resonance  radiation.  If  the  density  of 
the  vapour  is  increased,  the  diffuse  radiation  (which  is  at  first  a  volume 
radiation)  is  confined  to  a  shallow  layer  of  molecules  Hning  the  front  surface 
of  the  bulb,  and,  with  further  increment  of  density,  disappears  entirely,  being 
replaced  by  regular  reflection,  much  as  if  the  inner  surface  of  the  bulb  was 
silvered.  In  the  investigation  here  described  an  attempt  has  been  made  to 
clear  up  some  of  the  doubtful  points  mentioned  in  previous  papers,  and 
to  ascertain,  if  possible,  how  the  diffuse  scattering  passes  over  into  regular 
reflection.  A  water-cooled  mercury  arc  of  the  type  described  by  Kerschbaum 
was  employed,  and  the  quartz  bulb  was  closed  by  a  plate  of  slightly  pris- 
matic form.  This  latter  arrangement  allowed  the  rays  reflected  from  the 
inner  surface  to  be  studied  uncontaminated  by  the  reflection  from  the  outer 
surface.  The  experiments  show  that  the  scattered  resonance  radiation 
decreases,  being  replaced  probably  by  true  absorption,  long  before  regular 
reflection  commences.  It  also  appears  that  the  first  appearance  of  specular 
reflection  by  the  vapour  takes  place  at  a  pressure  not  very  far  from  10  cm. 
Subsequent  experiments  showed  that  the  dense  vapour  reflects  polarised  light 
in  much  the  same  way  as  a  film  of  metal,  but  no  effect  could  be  detected 
analogous  to  the  phenomena  observed  when  light  is  reflected  from  a  glass 
surface  coated  with  metallic  films  of  varying  thickness,  in  which  case  the 
reflecting  power  is  considerably  diminished  by  very  thin  layers  of  metal. 
The  specular  or  metallic  reflection  of  the  incident  light  by  the  vapour 
occurs  only  when  there  is  exact  synchronism  between  the  luminous  vibration 
and  the  free  period  of  the  system  which  causes  the  2586  line. 

The  structure  of  the  2586  line  was  investigated,  using  a  quartz  Fabry  and 
Perot  interferometer,  and  the  results  obtained  indicate  that  it  is  probably  a 
doublet  with  a  separation  of  about  0*08  A.U.  But  a  further  study  of  the  line 
with  a  higher  resolving  power  will  be  necessary  before  a  positive  statement 
can  be  made.  A.  W. 

1227.  Mechanical  Equivalent  of  Light.  H.  £.  Ives  and  £.  F.  Kingsbury. 
(Phys.  Rev.  8.  pp.  264-258,  Sept.,  1916.)— The  differences  (20  to  80  %)  in  the 
values  obtained  by  different  experimenters  for  the  mechanical  equivalent  of 
light  [see  Abs.  1485  (1915)  and  822  (1916)]  render  it  desirable  to  obtain  an 
independent  check  by  another  method.  A  convenient  way  of  doing  this  is 
to  determine  the  radiant  luminous  efficiency  of  a  chosen  light-source,  and 
compare  this  with  the  total  luminous  efficiency,  thereby  obtaining  the 
efficiency  losses  due  to  conduction,  convection,  etc.  These  are  then  com- 
pared with  the  estimate  of  these  losses  obtained  by  independent  means. 
Thus,  if  F  is  the  luminous  flux,  P  the  applied  power,  R  the  radiant  power, 
Lt  the  total  luminous  efficiency  (obtained  by  multiplying  the  efficiency,  in 
lumens  per  watt,  by  the  mechanical  equivalent  of  light),  and  Lr  the  radiant 
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luminous  efficiency,  then  R/P  =  (F/P)/(F/R)  =  Lt/Lr.  Lr  is  obtainable  by 
measuring  the  racUation  with  and  without  the  interposition  of  a  **  luminosity 
curve  "  template,  it  being  understood  that  the  luminosity  curve  employed  is 
the  one  used  to  determine  the  mechanical  equivalent 

This  process  was  applied  to  a  82-c.p.  oval  anchored  carbon  filament  lamp, 
the  type  for  which  Hyde  has  given  the  leading-in  wire  losses  as  from  4  to  5  % 
[see  Abs.  416b  (1911)].  To  these  are  added  convection  losses,  roughly  measured 
by  Drysdale  as  "  not  more  than  2  or  8  %,"  and  some  additional  loss  (in  the  direc- 
tion of  measurement)  due  to  the  slightly  different  distribution  of  radiation  by 
the  heated  glass  bulb  from  that  of  the  filament,  which  latter  is  all  that  comes 
into  the  "  visible "  measurement.  This  loss  is  tak'en  as  not  more  than  2  %. 
Altogether  9  %  is  taken  as  a  not  improbable  value  for  the  losses,  giving  91  % 
as  the  radiation  efficiency.  This  gives  results  in  agreement  with  the  authors' 
value  of  0  00169  for  the  mechanical  equivalent  of  light,  whereas  v.  Pirani's 
value  of  0*00128  corresponds  to  a  radiation  efficiency  of  only  71  %. 

J.  W.  T.  W. 

1228.  Diffraction  of  a  Rectangular  Slit  by  a  Spectrum  Line  of  Finite  Breadth, 
Y.  Takahashi.  (Math.  Phys.  Soc,  Tokyo,  Proc.  8.  pp.  499-608,  July,  1916.) 
— It  is  well  known  that,  in  the  Praunhofer  diffraction  phenomena  of  a  rect- 
angular sRt,  the  intensity  of  light  in  the  image  is  given  by  the  formula 
sin*tf/fi'  for  a  line  source  of  light.  But  if  a  source  has  finite  breadth,  the 
expression  for  the  intensity  must  be  modified.  It  can  be  seen  at  once  that 
the  intensity  curve  in  the  image  becomes  flatter,  the  maxima  and  minima  are 
displaced,  and  the  minima  do  not  vanish.  As  these  facts  have  some  signifi- 
cance in  spectrum  analysis,  the  intensity  distribution  was  calculated  for  a 
source  of  light  having  a  special  distribution  of  intensity.  The  results  and  the 
method  are  given  in  the  present  paper.  A.  W. 

1229.  On  Light  Extinction,  I  and  II.  C.  W.  Oseen.  (Phys.  Zeits.  17. 
pp.  288-286,  June  1,  and  pp.  841-848,  Aug.  1, 1916.)— In  the  first  article  the 
author  shows  that  if  the  electromagnetic  theory  of  dispersion  in  Planck's 
form  be  assumed,  Rayleigh's  value  for  the  extinction  coefficient,  namely 
82ir'(/i  —  1)'/8N\^,  is  not  obtained,  but  a  value  twice  as  great  This  result  is 
in  contradiction  with  the  actual  facts  and  the  author  comes  to  the  conclusion 
that  the  Maxwell-Lorentz  electrodynamics  is  not  able  to  afford  an  explanation 
of  the  actually  observed  extinctions.  In  the  second  article  the  author  says  he 
has  since  then  recognised  that  this  former  belief  of  his  was  erroneous  and 
that  the  contradiction  is  to  be  referred  to  an  error  in  Planck's  theory  of 
dispersion.  He  then  shows  that  Planck  has  correctly  calculated  the  damping 
term  of  a  resonator,  but  that  the  force  acting  on  the  resonator  has  not  the 
value  given  by  Planck ;  it  contains  an  additional  term  which  just  cancels  the 
damping  term.    The  articles  are  highly  mathematical.  L.  H.  W. 

1230.  Dispersion  in  Gases  and  Vapours,  F.  R^iche.  (Ann.  d.  Physik,  60. 
1.  pp.  1-62,  June  6,  and  2.  pp.  121-162,  June  16, 1916.) — An  elaborate  mathe- 
matical treatment  of  the  subject,  the  chief  points  emerging  being  as  follows : — 

1.  From  the  equations  of  motion  of  the  electrons  in  a  gaseous  dispersive 
medium  linear  non-homogeneous  equations  are  obtained  which,  by  successive 
approximations,  are  solved  in  the  form  of  a  series.  The  first  approximation 
is  for  the  case  of  infinite  rarefaction. 

2.  Th^  summation  of  certain  series  depends  on  the  solution  of  a  linear 
non-homogeneous  integral  equation  of  the  second  kind  with  symmetrical 
core. 
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8.  The  solution  of  the  mtegral  equation  gives  at  once  the  mean  value  of 
the  electron  displacements.  From  this  the  field  at  distant  points  is  ascertained 
and  compared  with  the  corresponding  formulae  for  homogeneous  bodies. 

4.  Then  follows  for  the  index  of  refraction  of  the  gas  the  Drude-Voigt 
'formula,  which  by  the  more  exact  calculation  of  the  "  exciting  field  "  may  be 
completed  in  the  well-known  way. 

6.  Questions  as  to  the  mean  intensity  and  mean  field  are  also  discussed. 

E.  H.  B. 

1231.  Two-dimensional  Dispersion  Problem,  C.  Schaefer  and  H. 
Stallwitz.  (Ann.  d.  Physik,  60.  2.  pp.  199-221,  June  15,  1916.)— Mathe- 
matical  discussion  on  the  electromagnetic  theory  of  diffraction  at  parallel 
cylinders  of  conducting  material.     [See  Abs.  1129  (1910)  and  1594  (1914).] 

E.  H.  B. 

1232.  Total  Reflection  and  Poynting  Vector.  (2)  A.  Wiegrefe.  (Ann.  d. 
Physik,  50.  8.  pp.  277-280,  June  29, 1916.)— Supplementary  to  an  earlier  paper 
of  the  author's  [see  Abs.  482  (1916)].  E.  H.  B. 

1233.  Visibility  at  Total  Reflection,  H.  Rose  and  A.  Wiegrefe.  (Ann. 
d.  Physik,  60.  8.  pp.  281-282,  June  29, 1916.)— Describes  attempts  at  experi- 
mental verification  of  theories  due  to  one  of  the  authors.  These  have  been 
interrupted  by  the  war.    [See  preceding  Abs.]  E.  H.  B. 

1234.  Optical  Glass,  W.  Rosenhain.  (Soc.  Arts,  J.  64.  pp.  649-658, 
Aug.  4 ;  668-672,  Aug.  11,  and  pp.  677-687,  Aug.  18, 1916.  Engineering,  100. 
pp.  619^20,  Dec.  17, 1915.  Cantor  Lecture.)— These  lectures  form  a  useful 
summary  of  the  present  state  of  knowledge  of  a  subject  regarding  which 
littie  has  been  published.  No  brief  abstract  would  be  of  value ;  the  original 
pages  should  be  consulted  by  those  interested.  Some  remarks  upon  the 
possibilities  of  extending  the  range  of  available  optical  constants  may,  how- 
ever, be  quoted.  The  author  thinks  it  probable  that  extreme  optical  properties 
are  correlated  with  physical  and  chemical  characteristics  which  tend  so 
strongly  to  promote  crystallisation  that  the  retention  of  the  material  in  the 
vitreous  condition  becomes  impracticable.  If  this  is  the  case  we  must  look 
for  optical  media  whose  properties  transcend  those  of  glass  among  crystalline 
substances.  The  practice  of  optics  has  actually  taken  this  step  in  at  least 
one  very  important  case,  namely,  the  use  of  the  mineral  fluorite  in  the  best 
microscope  objectives.  This  mineral  has  a  refractive  index  of  1*4888 
and  a  v  value  of  95*4,  thus  lying,  in  both  respects,  well  outside  the  limits 
attainable  in  the  case  of  glass.  We  have  here  a  verification  of  the  view  that 
such  extreme  optical  constants  are  only  attained  by  crystalline  material,  and 
an  examination  of  the  optical  constants  of  many  other  minerals  at  once 
confirms  this  view.  Thus  the  garnets  possess  refractive  indices  ranging  up 
to  1*81,  while  in  some  of  the  spinels  this  constant  attains  the  very  high  value 
of  2*096. 

The  general  conclusion  would  thus  seem  to  be  justified  that  for  an  exten- 
sion of  the  range  of  available  optical  constants  we  must  look  to  crystalline 
transparent  minerals.  Unfortunately  there  are  very  few  minerals  which  can 
be  satisfactorily  employed  for  optical  purposes.  The  great  majority  of  these 
substances,  as  found  in  Nature,  are  more  or  less  deeply  coloured,  and,  more- 
over, their  occurrence  in  large  homogeneous  and  transparent  pieces  is  rare. 
A  further  and  fundamental  hmitation  arises  from  the  fact  that  the  great 
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majority  of  minerals  are  doubly  refracting  to  a  more  or  less  marked  degree, 
and  this  property  renders  their  use  in  general  impracticable.  Thus  at  the 
present  time  fluorite  and  rock  crystal  (quartz)  are  probably  the  only  minerals 
employed  in  the  shape  of  lenses,  although  calcite  is  used  for  Nicol  prisms  and 
rock-salt  has  been  employed  for  special  purposes. 

The  state  of  affairs  just  indicated,  however,  should  not,  in  the  author's 
opinion,  deter  us  from  the  project  of  extending  the  range  of  our  optical  media 
by  the  utilisation  of  crystalline  materials.  A  cpnsiderable  number  of  minerals 
are  known  which  are  free  from  double  refraction— i.^.  those  crystallising  in 
the  regular  system,  and  the  whole  question  resolves  itself  into  the  problem  of 
obtaining  crystals  of  these  substances  in  sufi&ciently  large  sizes  and  of 
sufficient  clearness  and  purity  to  be  useful  for  optical  purposes.  The  problem 
of  the  artificial  production  of  crystals  of  the  size  and  quality  required, 
although  offering  many  difficulties,  would  not  appear  to  lie  beyond  the  range 
of  possible  practical  solution.  With  adequate  resources  used  in  the  light  of 
modem  knowleflge  of  the  process  of  crystallisation,  research  on  the  question 
of  the  synthetic  production  of  such  crystalline  material  offers  considerable 
promise  of  success.  L.  H.  W. 

1286.  Concave  Lens-mirror  used  in  the  Suyehiro  Optical  Torsionmeter,  K. 
Suyehiro.  (Math.  Phys.  Soc,  Tokyo,  Proc.  8.  pp.  496-499,  July,  1916.)— 
The  object  of  the  special  mirror  used  in  the  author's  torsion-meter  is  to 
obtain  the  image  of  the  "  pointing  edge "  sharp  and  fixed,  using  a  large 
aperture.  The  present  paper  discusses  the  curvatures  which  must  be  given 
to  the  two  surfaces  so  as  to  avoid  spherical  aberration  to  the  extent  of  the 
second  order.  A.  W. 

1236*  Recent  Improvements  in  the  Petrographic  Microscope.  F.  E.  Wright. 
(Washington  Acad.  Sci.,  J.  6.  pp.  466-471,  Aug.  19,  I916.)---Describes  a  sliding 
objective  changer,  also  a  device  for  use  in  the  measurement  of  extinction 
angles,  and  deals  with  the  removal  of  the  astimagtism  introduced  by  the 
analyser,  as  well  as  the  prism  method  for  the  observation  of  interference 
figures.  L.  H.  W. 

1237.  Aperture  of  Eye-pupil  W.  H.  Stevenson.  (Brit.  Astron.  Assoc., 
J.,  June,  1916.  Observatory,  No.  604.  p.  896,  Sept.,  1916.  Abstract.)— The 
author  has  succeeded  in  taking  instantaneous  flashlight  photographs  of  the 
eyes  of  five  persons,  in  order  to  determine  the  aperture  of  the  pupil  in  semi- 
darkness.  The  commonly  accepted  diameter  of  i  in.  is  found  much  too 
small,  and  probably  refers  to  daylight  aperture.  The  five  subjects,  of  ages 
21-26,  gave  values  in  good  agreement,  the  average  being  }  in.  This  would 
indicate  that  the  lowest  useful  magnifying  power  that  can  be  employed  with 
a  telescope  is  about  three  times  the  aperture  in  inches.  C.  P.  B. 

1238.  Mechanism  of  Light-production  in  Animals,  E.  N.  Harvey. 
(Science,  44.  pp.  20&-209,  Aug.  11,  1916.)— The  author  confirms  the  observa- 
tions of  Dubois  (1884, 1887)  that  the  luminous  organs  of  the  West  Indian 
cucuUo  (Pyrophorus  noctilucus)  and  of  the  luminous  mollusc  (Pholas  dactylus) 
contain  a  thermostable  substance,  luciferin,  which  oxidises  with  production 
of  light,  and  a  thermolabile  enzyme,  lucif erase.  Similar  results  are  obtained 
with  the  eastern  American  fire-flies,  Photinus  and  Photuris,  and  with  luminous 
bacteria.  The  luciferase  of  one  organism  will  act  with  the  luciferin  of 
another.  T.  H.  P. 
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1239.  Photochemical  Scnsitivetiess   and   Photochemical   Conductivity,    M. 
"Volmer.    (Zeits.  Elektrochem.  21.  pp.  118-117,  April  1, 1915.)— Most  theories 

of  photochemical  processes  arc  based  upon  a  connection  between  these  and 
photoelectric  effects,  although  Bodenstein,  e»g,y  is  aware  that  the  photo- 
chemical reaction  is  not  accompanied  by  the  splitting  off  of  an  electron  from 
the  sensitive  substance.  Photochemical  rays  do  not  ionise  chlorine  and 
oxygen  (Lenard  and  Ramsauer,  Ludlam),  nor  anthracene  (Hughes,  PauH, 
Volmer),  not  even  in  solutions  or  vapours.  But  there  is  increase  in  the  con- 
ductivity, especially  in  the  region  of  the  absorption  bands,  and  this  is  not  (as 
Pauli  asserted)  unconnected  with  fluorescence.  The  author  tests  the  photo- 
electric conductivity  of  a  large  number  of  substances,  silver  haloids,  sulphur, 
selenium,  chlorine,  mercury  iodide,  many  organic  substances.  A  film  of  the 
substance  is  produced  (by  sublimation  or  by  evaporation)  on  one  electrode, 
the  wire-gauze  electrode  opposite  being  charged  (160  to  820  volts).  When 
the  substance  itself  conducts  fairly  well  (solid  iodine,  HgCl,  HgS),  the  two 
electrodes  are  brought  in  contact ;  under  insolation  (mostly  through  cobalt 
glass)  the  current  then  rose  to  10  and  25  times  its  value.  In  most  cases  the 
conductivity  rose  under  light-excitation  ;  negative  effects  were  obtained  with 
j3-naphthol,  benzoin,  acridin  ;  the  experiments  were  inconclusive  as  to  nitro- 
benzaldehyde  and  solid  chlorine  (at  —100**  C).  Ries  and  W.  Wilson  suggested 
that  rays  of  long  wave-length  could  liberate  electrons  like  short  waves.  But 
the  author  altogether  questions  the  real  liberation  of  ions,  because  he  does 
not  see  why  an  electron,  once  separated  from  its  molecule,  should  rather 
travel  through  the  solid  than  escape  into  the  gas  or  vacuum,  and  he  suggests 
that  the  electrons  do  not  move  freely,  but  progress  by  jumps  from  one 
molecule  to  another.  The  electrons  are  loosened,  like  the  partially-separated 
valency  electrons  of  J.  Stark,  and  the  conductivity  mechanism  would  be 
similar  to  that  assumed  for  the  Grotthus  theory  of  ionic  conductivity.  Photo- 
chemical sensitiveness  and  photoelectric  conductivity  are  closely  related  to 
one  another,  and  the  photochemical  reactions  are  due  to  a  loosening  of  the 
electrons  in  Luther's  sense.  H.  B 

1240.  Absorption  Spectra  of  Aniline  Dyes  and  Gelatin  Filters,  A.  Hnatek. 
(Zeits.  wiss.  Photochem.  15.  pp.  183-148,  Oct.  15,  1915.)— In  his  gelatin  filters 
for  the  separation  of  certain  portions  of  a  spectrum,  the  author  defines  the 
concentration  of  the  colour  by  the  dye-density  numt>er  of  Hiibl  which  indi- 
cates the  number  of  gm.  of  colouring  matter  uniformly  distributed  over  one 
sqv  metre  of  filter  surface.  The  experiments  were  made  with  the  Coude 
spectrograph  of  the  Vienna  Observatory,  and  with  sunlight  and  Wratten 
and  Wainwrighf  s  panchromatic  plates.  Of  the  sixty  odd  aniline  dyes  examined 
not  one  gave  absorption  bands  of  sufficiently  sharp  definition  to  admit  of 
wave-length  determination  ;  the  edges  on  the  red  side  were  generally  better 
defined  than  those  on  the  violet  side,  but  that  distinction  vanished  in  grating 

^instead  of  prism)  spectra.  Twenty-four  of  the  dyes  proved  suitable  for  the 
preparation  of  gelatin  filters.  The  filters  are  arranged  in  three  groups,  their 
ranges  of  absorption  being  about  1000  A.U.,  800  to  900,  and  200  to  500  A.U. 
By  combination  of  several  filters  narrower  ranges  could  sometimes  be 
obtained,  but  the  light  was  mostly  too  weak  in  such  cases.  H.  B. 

1241.  Short-wave  Infra-red  Spectra  of  Sulphates  and  Carbonates,  C. 
Schaefer  and  M.  Schut>ert.  (Ann.  d.  Physik,  50.  8.  pp.  288-888,  June  29, 
1916.) — A  long  paper  dealing  with  the  selective  reflection  of  solid  sulphates 

4md  carbonates.    Thirty  of  the  former  have  been  examined,  including  simple, 
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double,  isotropic,  and  doubly  refracting  varieties.  There  are  two  well-marked 
maxima,  one  at  9/«  and  the  other  at  16  fi.  The  latter  has  heretofore  not  bee», 
noted.  These  maxima  are  to  be  ascribed  to  the  SO4  ion.  In  the  case  of 
alums  the  maximum  at  9  /i  seems  to  be  simple,  whilst  for  uniaxial  sulphates 
both  maxima  are  double  corresponding  to  the  ordinary  and  the  extraordinary 
rays.  Biaxial  sulphates  exhibit  triplicate  maxima  corresponding  to  the  rays^ 
of  the  three  indices  of  refraction. 

Measurements  of  the  spectra  of  fifteen  carbonates  showed  that  the 
COs-ion  possesses  three  positions  of  selective  reflection,  at  6*6,  11*5,  and 
14*5 /<  approx.  In  negative  uniaxial  crystals  of  the  type  of  calcspar  the 
maxima  at  6*6  and  14*6  belong  to  the  ordinary  ray,  that  at  11*6  to  the 
extraordinary  ray. 

Negative  biaxial  carbonates  of  the  arragonite  type  have  the  maxima  at 
6*5  and  14*6  /i  complex  and  derived  from  the  rays  of  the  largest  and  inter- 
mediate refractive  indices,  that  at  11*6  from  the  axial  ray  possessing  the- 
smallest  refractive  index. 

The  results  are  discussed  in  the  light  of  the  space  theories  of  Born,  v.  Laue^ 
and  Bragg,  and  it  is  concluded  that  there  is  a  definite  connection  betweeur 
ultra-violet  and  infra-red  spectra. 

"  Water  of  crystallisation  "  presents  an  interesting  phenomenon,  and  it  is 
shown  that  the  maxima  for  such  water  are  shifted  as  compared  with  those  of 
ordinary  water.  Moreover,  in  anisotropic  crystals  such  "water"  is  itself" 
anisotropic.    [See  next  Abs.]  C.  S.  G.. 

1242.  TJie  Optical  Behaviour  of  Water  of  Crystatlisaiion,  C.  Schaefer  andr 
M.  Schubert.  (Ann.  d.  Physik,  50.  8.  pp.  889-846,  June  29, 1916.)— A  con- 
tinuation of  the  investigations  outline'd  in  the  preceding  Abstract.  Water  of 
crystallisation  is  shown  by  examination  of  the  corresponding  reflectioa^ 
maxima  in  crystals  of  various  h^drated  sulphates  to  be  uniaxial  in  uniaxial, 
crystals  and  biaxial  in  biaxial  crystals.  The  characteristic  double  reflection 
of  crystals  is  reproduced  in  the  "  water  of  crystallisation,"  so  that  an  identity 
of  symmetry  must  be  present. 

The  arrangement  of  the  water  within  the  crystals  corresponding  to.di-  or 
tri-chroism  shows  at  once  the  space-lattice  of  the  HjO  groups.  C.  S.  G. 

1243.  Accuracy  in  Measurement  of  Close  Double  Spectrum  Lines.    C.  E.  St.- 
John  and  L.  W.  Ware.    (Mt.  Wilson  Solar  Observatory,  Contrib.  No.  120.. 
Astrophys.  J.  44.  pp.  15-88,  July,  1916.)— Sef>arations  of  specially  selected, 
double  lines  ihave  been  measured  upon  each  of  five  series  of  spectrograms-- 
with  dispersions  varying  from  1  mm.  =  1*8  A.  to  1  m.ssO'28A.    It  is  found 
that  observations  with  the  registering  microphotometer  enable  incompletely 
separated  components  to  be  more  reliably  measured.     Filar  micrometer 
measurements  of  the  separation  between  the  components  of  close  doublets^ 
vary  with  the  width  of  slit,  the  precision  of  the  focal  settings,  and  the  density 
of  the  spectrograms.  Whatever  decreases  the  intensity  of  the  common  region, 
relatively  to  that  of  the  continuous  spectrum,  produces  a  tendency  on  the  part 
of  the  measurer  towards  increased  separation,  apparentiy  by  some  effect  of 
contrast.    The  differences  between  the  Rowland  and  Mt.  Wilson  determina- 
tions of  the  separation  of  the  components  of  close  pairs  of  solar  lines  are^ 
systematic,  and  it  is  thought  that  these  differences  are  errors  in  the  Rowland 
values.  C.  P.  B. 

1244.  Changeable  Lines  in  the  Arc  Spectrum  of  Iron,    J.  Lang.    (Zeits^ 
wiss.  Photochem.  15.  pp.  228-228  and  229-252,  Nov.  and  Dec,  1916.    Disser- 
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Itation,  Bonn,  1914.)— Discrepancies  between  the  determinations  made  by 
Fabry  and  Buisson  and  by  Eversheim,  and  experiments  made  with  long  and 
with  short  arcs  by  Goos  having  thrown  doubt  on  the  constancy  of  the  iron 
lines,  the  author  studied  the  spectrum  with  short  (2  to  4  mm.)  and  long  arcs 
(9  to  16  mm.)  and  electrodes  of  iron,  8  to  10  mm.  in  diam.,  currents  of  from  8  to 
'16  amps,  at  pressures  from  60  to  440  volts.  The  short  arcs  were  horizontal, 
the  long  arcs  would  not  keep  steady  unless  vertical.  The  second-order 
spectrum  was  photographed  on  Schleussner  or  orthochromatic  plates;  the 
ranges  studied  were  6860  to  6660  A.U.  (same  as  Eversheim)  and  2400  to  8800 
(Goos).  The  wave-lengths  of  a  large  number  of  visible  iron  lines  were  found 
to  vary  somewhat  with  arc  length,  current,  or  slit  position  (near  anode  or 
.Icathode) ;  there  need  not  be  real  displacements,  however,  and  the  changes 
might  be  due  to  asymmetrical  broadening  ;  but  that  explanation  and  fluctua- 
tions in  pressure  would  not  account  for  the  magnitude  of  the  changes  in  some 
cases.  'The  displacements  in  the  ultra-violet  were  even  more  marked  than  in 
the  green-yellow,  and  were  sometimes  to  the  red  and  sometimes  in  the  other 
^direction  ;  the  spectra  from  the  anode  and  kathode  hardly  seemed  to  resemble 
one  another  occasionally.  But  there  was  a  lack  of  sharpness  in  these  ultra- 
violet lines,  and  reversals  were  frequent,  especially  near  the  negative  pole  at 
high  current  intensity,  so  that  asymmetrical  broadening  might  account  for 
some,  though  not  for  all,  of  the  phenomena.  The  author  therefore  picks  out 
some  lines  as  being  unsuitable  to  serve  as  standards ;  as  regards  the  green- 
-yellow  the  selection  of  some  other  element  in  the  place  of  iron  would  be 
•advisable.  H.  B. 

1246.  The  Arc  and  the  Spark  Spectrum  of  Silver  in  International  Standards. 
J.  Frings.  (Zeits.  wiss.  Photochem.  15.  pp.  166-188,  Oct.,  I916.)--With  the 
aid  of  a  concave  Rowland  grating  of  8000  lines  to  the  cm.  and  6'6  m.  radius 
of  curvature  the  author  determines,  under  Kayser,  the  arc  lines  of  silver  from 
45667  to  8082,  and  the  spark  Unes  from  6471  to  2460  and  also  2219  A.U.  With 
respect  to  the  arc  lines,  the  tables  contain  also  the  values  of  Kayser  and  Runge 
^Rowland),  of  Exner  and  Haschek,  and  of  Kasper  ;  as  to  spark  lines,  the  lines 
^f  Exner  and  Haschek,  of  Wagner,  and  in  the  last  group  those  of  Eder  and 
4he  author.  The  principal  series  is  only  found  in  the  ultra-violet ;  two  other 
series,  m=s4  or  5,  and  6  or  7,  are  distinguished.  H.  B. 

1246.  Excitation  of  Helium  Spectra,  O.  W.  Richardson  and  C.  B. 
Bazzoni.  (Nature,  98.  p.  6,  Sept.  7,  1916.)— In  the  course  of  an  examina- 
:tion  of  the  properties  of  the  electron  discharge  in  an  atmosphere  of  helium, 
observations  that  seem  to  be  of  considerable  interest  were  made  of  the 
-conditions  affecting  the  excitation  of  the  lines  of  the  helium  spectra.  The 
source  of  electrons  was  an  incandescent  tungsten  filament,  and  the  dis- 
charge passed  to  a  parallel  nickei  wire  about  8  mm.  distant.  The 
electrodes  were  mounted  in  a  quartz  tube  filled  with  helium  at  a  pressure 
of  about  2  mm.  In  some  experiments  the  helium  spectrum  was  found  to  be 
excited  at  22*6  volts  p.d.  If  allowance  is  made  for  the  initial  kinetic  energy 
of  the  electrons  and  for  the  drop  of  potential  down  the  filament  due  to  the 

•  heating  current,  this  quantity  is  not  increased  by  so  much  as  one  volt,  and 
4here  are  indications  that  it  tends  to  approach  a  lower  limit  close  to  the 
ionisation  potential  value  for  helium  found  by  Franck  and  Hertz  and  by 
Pawlow.  In  any  event,  the  observations  made  would  seem  to  destroy  the 
special  significance  of  the  value  (approximately  80  volts)  of  the  minimum 

^.d.  necessary  to  excite  the  line  spectra  of  helium  given  by  Rau.  There  is 
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no  doubt  that  these  spectra  can  be  excited  by  the  impact  of  electrons  having 
energies  much  less  than  the  value  of  the  ionisation  energy  of  helium  calcu- 
lated by  Bohr.  The  authors  are  unable  to  reconcile  these  results  with  Bohr's 
theory  except  on  the  hypothesis  that  the  impact  ionisation  of  helium  is  a 
more  complex  phenomenon  than  has  been  supposed.  Possibilities  which 
suggest  themselves  are  that  the  ionisation  is  the  result  of  successive  impacts,^ 
or  results  from  impacts  on  atoms  in  an  abnormal  condition  caused  by  the 
absorption  of  radiation  generated  in  other  atoms  in  consequence  of  electron 
impact.  Experiments  to  test  these  possibilities  are  in  preparation.  In  con- 
trast to  the  lines  of  the  mercury-arc  spectrum  the  different  helium  lines 
behave  differently  inter  se  when  the  exciting  voltage  is  changed.  The  order 
of  excitation  with  voltage  for  the  different  lines  is  not  simply  a  question  of 
frequency,  but  depends  partly  on  the  series  to  which  the  lines  belong.  Most 
of  the  lines  increase  steadily  in  intensity  with  increasing  voltage  and  current 
density,  but  the  line  471S  of  the  second  subsidiary  series  of  helium  increases 
rapidly  to  a  maximum  soon  after  excitation,  then  becomes  very  faint  as  the 
p.d.  is  increased  to  about  40  volts,  reappears  with  higher  voltages,  and  then 
increases  steadily  in  intensity  with  rising  potential  difference.  An  examina- 
tion was  made  of  the  extreme  ultra-violet  portion  of  the  helium  spectrum, 
using  a  photoelectric  method,  and  definite  indications  were  obtained  of  the 
presence  of  radiations  having  wave-lengths  close  to  600  and  to  400  A.U.. 
respectively.  A.  W» 

1247.  Siark-efect  of  the  4686  Spectrum  Line,  E.  J.  Evans  and  C.  Crox- 
8on.  (Phil.  Mag.  82.  pp.  827-^829,  Sept.,  1916.)— Describes  experiments 
carried  out  on  the  4686  line  by  Lo  Surdo's  method.  Field  strengths  up  to 
about  87,000  volts  per  cm.  were  employed.  With  this  field  the  4686  line 
showed  a  definite  broadening  in  the  dark  space,  but  no  definite  components  • 
could  be  identified.  The  line  in  the  strongest  photographs  appeared  to  be 
broadened  nearly  symmetrically,  and  the  intensity  of  the  outside  edges  was  • 
less  than  the  middle  portion  of  the  line.  The  total  width  of  the  line  in  the 
dark  space  was  8*7  A.U.,  and  the  corresponding  distance  between  the  com- 
ponents of  Hfi  was  7*2  A.C  Each  of  the  components  of  Hfi  was  double,  but 
the  lines  were  too  diffuse  for  an  accurate  estimate  of  the  distance  between 
the  outside  components.  However,  by  making  use  of  Stark's  results,  it  could 
be  calculated  that  this  distance  was  approximately  10  A.U.  For  the  sake  of 
comparison  the  widths  of  the  4686  and  H^  lines  were  measured  in  the  region 
above  the  dark  space  and  found  to  be  in  each  case  about  1*4  A.U.  Although 
it  is  impossible  from  these  results  to  test  quantitatively  the  simple  theory 
of  the  Stark-effect  for  the  4686  spectrum  line,  it  seems  evident  that  if  the 
broadening  of  the  line  is  altogether  due  to  the  electric  field,  its  magnitude  is 
decidedly  less  than  one-half  that  of  H^.  It  also  follows  that  it  is  difficult 
to  explain  by  means  of  the  Stark-effect  the  great  width  of  the  line  in  com- 
parison with  the  hydrogen  lines  when  they  are  generated  by  a  condenser 
discharge.  Further  experiments  will  be  undertaken,  either  with  a  spectro- 
scope of  higher  power,  or  with  stronger  electric  fields.  [See  Abs.  1487  (1915) 
and  564  (1916).]  A.  W. 

1248.  Mica  X-ray  Spectrometer.  M.  Siegbahn.  (Phys.  Rev.  8.  pp.  820- 
822,  Sept.,  1916.)--W.  S.  Gorton,  using  the  mica  X-ray  spectrometer,  has 
published  a  series  of  results  on  the  tungsten  spectrum  [see  Abs.  684  (1916)]. 
Reviewing  these  results  the  author  concludes  that  they  are  based  on  false 
assumptions.  By  a  graphical  method^Gorton  has  measured  a  great  many  lines 
in  the  tungsten  spectrum  for  which  he  claims  an  accuracy  of  0*5  %.    The 
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author  now  attempts  to  prove  that  there  are  in  reality— in  the  domain  of 
small  angles — much  greater  errors,  which  may  lie  in  the  inaccurate  method. 
From  his  measurements  Gorton  concludes  that  mica  has  four  reflecting  sets 
of  planes  parallel  to  the  cleavage  face.  The  distances  of  two  of  these  give  no 
simple  relations.  In  his  opinion  they  indicate  **  a  substance  which  is  mixed  in 
with  the  mica  and  scattered  non-uniformly  through  it."  The  author  suggests 
that  the  results  obtained  are  due  to  Gorton  ascribing  all  lines  to  a  first-order 
spectrum,  whereas  he  considers  they  really  belong  to  the  second,  third,  fourth, 
and  fifth  orders.  The  first-order  lines  are  missing — perhaps  because  they  are 
covered  by  the  central  blackening.  A.  B.  W. 

1249.  Law  of  Absorption  of  X-rays  at  High  Frequencies.  A.  W.  Hull  and 
M.  Rice.  (Phys.  Rev.  8.  pp.  826-^28,  Sept.,  1016.  Paper  read  before  the  Am. 
Phys.  Soc.)— It  has  been  shown,  from  Barkla's  absorption  data  and  Mosele/s 
table  of  wave-lengths,  that  the  coefiicient  of  absorption  of  all  metals  varies 
approximately  as  the  cube  of  the  wave-length,  except  in  the  immediate 
vicinity  of  one  of  the  characteristic  wave-lengths  of  the  metal.  The 
Experimental  data  extend  over  a  range  of  wave-lengths  from  4  to  0*6 
A.U.  approximately,  but  the  law  has  frequently  been  extrapolated  to  very 
short  wave-lengths  and  lised  as  a  measure  of  wave-length.  The  measure- 
ments described  in  the  present  paper  were  made  to  examine  how  far  such 
extrapolation  is  justified.    The  results  are  included  in  the  following  table  : — 


Wave-len^b. 

Mass  AtMoiptton  Coefficient. 

Al 

Ctt 

Pb 

Obt. 

Calc 

Obt. 

Calc 

Oba. 

Calc. 

0*892 

0-860 

1*02 

. 

0-848 

0-726 

1*721 

_ 

-^ 



-^ 

0-294 

0*498 

0*499 

8*84 

8*94 

111 

11-04 

0*245 

0*842 

0-889 

2-24 

2-88 

6-7 

6*44 

0*221 

0-28B 

0*281 

1-70 

1*74 

468 

4*76 

0*208 

0265 

.    0  254 

1-89 

1*47 

8-70 

8*99 

0196 

0-248 

0*282 

1*27 

1*25 

8-40 

8*86 

0184 

0-218 

0*218 

107 

106 

2-71 

2*80 

0172 

0199 

0196 

0-91 

0-88 

2*82 

2*81 

0160 

0178 

0*181 

0*79 

0*74 

1*82 

1*88 

0147 

0-154 

0*167 

0-71 

060 

1-50 

— 



— 

— 

— 

— 

2*80 

— 

0122 

~" 

""" 

■^ 

^"" 

8*00 

~~ 

A.  B.  W. 
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1260.  Density  of  Radio-lead  from  Norwegian  Cleveite.  T.  W.  Richards 
and  C.  Wadsworth.  (Am.  Chem.  Soc.,  J.  88.  pp.  1658-1660,  Sept.,  1916.)— 
A  brief  description  is  given  of  the  determination  of  the  density  of  lead  from 
a  particularly  pure  specimen  of  Norwegian  cleveite.  The  lead  separated  out 
from  the  mineral,  and  presumably  a  pure  isotope,  was  found  to  have  a 
density  11*278,  decidedly  lower  than  that  from  a  sample  of  Australian  radio- 
lead  previously  studied  (11*289),  and  still  lower  than  the  density  11-887  found 
for  ordinary  lead.  The  corresponding  atomic  volume  of  the  pure  isotope  is 
essentially  equal  to  that  of  ordinary  lead,  as  indicated  by  earlier  results  on 
Australian  radio-lead.  -  A.  B.  W. 

VOL.  XIX.— A. — 1916.  y^  T 

Digitized  by  VjOOQ IC 


'472  SCIENCE  ABSTRACTS. 


HEAT. 

1261.  Thermal  Conductivity  and  Viscosity  of  Gases  and  Molecular  .Com- 
flexity.  J.  A.  Pollock.  (Roy.  Soc  New  South  Wales,  J.  49.  pp.  249-252, 
1916.) — In  the  equation  :  thermal  conductivity  K  =yi|Cv  (i|  =  viscosity),  /  is 
a  numerical  factor  which  is  approximately  constant  for  gases  of  the  same 
atomicity.    There  should  hence  be  a  relation  between /and  y  3=  c^c^.    Long 

■  before  that  equation  was  established,  Boltzmann  suggested  /s  8/  (y  — 1)/2 
where/  is  a  constant  for  monatomic  gases.  Eucken  determined  (1918)  the 
thermal  conductivities  of  a  large  number  of  gases  (elements  and  compounds) 
and  discussed  the  relation  between  /  and  temperature  and  properties  of  the 
molecule,  without  referring  to  7,  however.  From  Eucken's  values  for  K  and 
fi  (for  zero  temperature)  the  author  deduces  /=  a  (r  —  l)/y",  where  a  seems 
to  be  7*82  and  n  ^  1*8.  For  many  years  the  values  of  /  for  diatomic  gases  was 
supposed  to  be  1*6029  ;  Eucken's  value  is  1*9.  H.^. 

1262.  Black-body  Brightness  Equations,  H.  £.  Ives  and  £.  F.  Kings- 
bury. (Phys.  Rev.  8.  pp.  828-^825,  Sept.,  1916.)— Foote  and  Fairchild  have 
developed  equations  for  the  luminous  flux  emitted  by  the  black  body  by 
considering  the  flux  a  function  of  the  equivalent  wave>length  [see  Abs.  702 
(1916)].  In  this  paper  are  calculated  the  values  of  the  constants  to  be  used 
in  their  form  of   equation    in   order  that  it  may  represent  the  spectral 

•  hiBiinosity  curve  obtained  by  the  authors  [Abs.  62  and  556  (1916)].  The 
resulting    expression    for    the    luminous    flux    at    any     temperature    is 

-  L  =  28*984  [(T  —  55*858)/(T +  197-188)]  ">*•«  which  gives  the  light  watts 
per  steradian  per  unit  solid  angle  with  very  great  accuracy  (within  ^  %), 

'  From  this  the  candle-power  per  cm.*  may  be  derived  by  dividing  by 
the  mechanical  equivalent  of  light.  A  still  simpler  working  formula  is 
L  =  24000  r-V",  where  n  =  0*00008795  T  +  0*00250.  This  is  correct  to  about 
i  %  over  the  range  from  1200°  to  8000°.  J.  W.  T.  W. 

1263.  Compton's  Formula  for  the  Temperature  Variation  of  the  Specific  Heat 
of  Solids.  F.  Schwers.  (Phys.  Rev.  8.  pp.  117-127,  Aug.  1916.)— A  com- 
parison of  the  results  given  by  Compton's  formula  [Abs.  88  (1916)]  and 
Debye's  formula  [Abs.  446  (1918)]  for  the  variation  in  the  specific  heats  of 
solids  at  very  low  temperatures  is  altogether  in  favour  of  the  latter  formula. 
The  results  are  tabulated  in  the  case  of  the  specific  heats  of  Cu,  Al,  Pb, 
calcium  fluoride,  and  iron  pyrites.  r    T.  S.  P. 

1 264.  Determination  of  the  Mechanical  Equivalent  of  Heat  by  Hirn's  Method. 
L.  Hartmann.  (Comptes  Rendus,  168.  pp.  222-224,  Aug.  28,  1916.)— In 
the  case  of  the  impact  of  two  masses,  m  and  m\  of  which  one  "Has  the 
velocity  v,  and  the  other  is  at  rest,  theory  leads  to  the  values  of  the  resulting 
velocities,  ^  and  ^',  namely  ^  =  (1  —  N)  v,  and  ^'  =  Nv  {jnjm% ...  (1),  N  being 
equal  to  2m'l{m  -f  m'). 

Experiments  with  steel  cylinders  of  12  mm.  diam.  with  spherical  ends, 
the  radii  of  the  spheres  being  equal  to  the  length  of  the  cylinder,  gave  results 
which  did  not  agree  with  the  theoretical  formulae.  The  experimental 
velocities  after  the  blow  being  if^  and  yj/'  (these  being  varied  between  wide 
limits),  it  was  found  that  if'  =  (l  —  n)  i^,  and  if/' =ffi7(m/m'){/,  the  equations 
thus  being  similar  in  form  to  equations  (1).  The  value  of  "  n"  however,  was 
not  constant,  but  progressively  decreased  in  value  as  '*v"  increased.  In. 
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other  words,  instead  of  the  usual  equation  of  energy  mt^  =  mf^  -}-  tn>'*,  we 
have  m4^  +  m'l^"  =  mp»  [1  —  2n  (N  —  if)/N].  It  is  thus  concluded  that  ex- 
periment does  not  confirm  the  hypothesis  that  the  difference  of  the  kinetic 
energy  before  and  after  the  impact,  and  the  heat  given  out  by  the  crushing 
of  the  lead  are  equivalent.  T.  B. 

1266,  Critical  Points  of  Nitrogen,  Carbon  Monoxide,  Oxygen,  Methane, 
E.  Cardoso.  (Journ.  Chim.  Phys.  13.  pp.  813-850,  Nov.  16,  1915.)— All 
these  gases  are  difficult  to  liquefy ;  the  method  has  previously  been  explained 
(Ibid.  p.  470,  1912).  The  apparatus  is  an  improvement  of  that  of  Ramsay 
and  Young ;  the  cryostat  is  described  in  detail.  Within  a  Dewar  vessel, 
not  silvered,  containing  liquid  air,  is  mounted  a  double-walled  recipient 
<85  cm.  high,  2*8  and  2*9  cm.  diam.)  charged  with  a  liquid  serving  as  cold 
bath ;  the  space  between  the  two  walls  is  charged  with  gaseous  hydrogen 
under  adjustable  pressure ;  the  liquid  is  stirred  by  blowing  air  through  it. 
The  temperature  of  the  bath  can  be  kept  constant  within  ±0*06  deg. 
between  —  80°  and  — 160°,  but  the  strain  on  the  experimenter  is  severe. 
The  pentane  first  tried  as  bath  liquid  froze  at  — 110  or  -— 120°.  After  many 
trials  the  author  took  petrol  ether,  treating  it  for'  three  days  with  potassium 
permanganate,  constantly  renewed  ;  the  resulting  liquid  smelt  of  isopentanc 
and  froze  at  — 160°.  Gas  thermometers,  liquid  (Baudin)  and  Pt-resistance 
thermometers  proved  unsuitable  for  long-continued  working  at  low  tempera- 
tures ;  isopentane  thermometers  were  finally  adopted.  The  results  of  the 
determinations  of  the  critical  temperatures  and  critical  pressures  are  : 
Ni,  — 144*70°,  88-66  atmos. ;  CO,  — 188*7°,  84*60  atmos. ;  O,,  — 118-0°,  49*80 
atmos. ;  CH4,  —  82*55°,  45*60  atmos.;  these  figures  are  probably  correct 
within  ±  0-1  deg.  and  ±  0*1  atmo.  Much  greater  accuracies  are  hardly 
possible,  and  the  author  critcises  the  exaggerated  accuracy  claims  fre- 
quently made.  The  critical  density  of  CO  is  found  to  be  0*8110,  that  of 
methane  0*1628 ;  these  are  possibly  correct  within  ±  1/600  ;  the  series  of 
observations  were  in  excellent  agreement.  H.  B. 

1266.  Berthelofs  Equation  of  State  applied  to  Vapours.  H.  Schimank. 
(Phys.  Zeits.  17.  pp.  898-896,  Sept  1, 1916.)— In  his  book  on  "  Thermometres 
a  Gaz  "  D.  Berthelot  gave  in  1908  the  formula— 

^i.=  RT[l-h^^(l-6JoT«)], 

in  which  xq  and  ^o  are  the  critical  pressure  and  temperature  of  the  gas.  The 
author  tests  this  formula  with  respect  to  the  behaviour  of  saturated  or  nearly 
saturated  vapours,  which  strongly  deviate  from  the  gas  laws,  at  moderate 
pressures,  and  he  further  compares  the  results  with  those  of  the  Nernst 
formula.  He  takes  his  data  from  the  vapour  density  determinations  of 
Ramsay  and  Steele  for  ether,  benzene,  toluene,  hydrocarbons  [see  Abs.  889 
(1904)],  from  the  vapour  densities  of  hydrogen  of  K.  Onnes  and  W.  J.  de 
Haas  at  temperatures  20*5°  to  15*8°  abs.,  and,  mbdifying  the  formula,  from 
the  heats  of  evaporation  of  argon,  nitrogen,  oxygen,  carbon  disulphide, 
alcohol,  benzene,  etc.,  according  to  various  experimenters.  The  conclusion 
is  that  the  formula  of  Berthelot  fails  in  the  extreme  case  of  hydrogen,  but 
agrees  in  all  the  other  cases  better  with  the  experimental  data  than  the 
formula  of  Nernst  (under  whom  this  investigation  was  made).  The  Berthelot 
formula^  would  thus  in  general  be  recommendable,  but  the  quotient  9/128 
should  probably  be  regarded  as  a  function  of  the  temperature,  and  not  as 
a  constant.  H.  B. 
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1267.  Vapour  Pressures  of  Binary  Liquid  Mixtures.  F.  Tinker.  (Phil, 
Mag.  82.  pp.  295-802,  Sept.,  1916.)— Dietericrs  modification  of  van  der  Waals*^ 
equation  of  state  [see  Abs.  1188  (1911)]  is  applied  to  the  calculation  of  the 
total  vapour  pressure  of  a  mixture  of  two  liquids,  and  the  expression  deduced 
is  found  to  be  of  the  same  form  as  that  obtained  by  van  Laar  by  means  of 
the  thermodynamic  potential.  By  expanding  the  exponential  terms  in  the 
equation  and  approximating  it  is  shown  that,  provided  that  the  changes  of 
volume  on  mixing  are  small,  the  total  vapour  pressure  of  a  binary  mixture  is 
equal  to  that  calculated  from  the  law  of  admixture  in  molecular  proportions 
multiplied  by  a  factor  (1  —  ^L/RT),  where  ^L  is  the  excess  of  the  molecular 
latent  heat  of  vaporisation  of  the  mixture  over  the  theoretical  value  calcu* 
lated  by  the  mixture  rule.  No  measurements  are  yet  available  to  test  the 
equation,  but  it  is  confirmed  indirectly  from  surface-tension  data.  Experi- 
ment shows  that  latent  heat  of  vaporisation  and  surface  tension  are  propor* 
tional  to  one  another,  and  it  is  known  that  the  surface  tension  and 
vapour  pressure  of  binary  mixtures  are  related  in  the  manner  indicated  by 
the  author's  formula  for  latent  heat  and  vapour  pressure.  D.  O.  W» 

1268.  Absorption  of  Black  Radiation  in  the  Water-vapour  and  COt  of  the 
Air,  W.  Qerlach.  (Ann.  d.  Physik,  60.  8.  pp.  288-244,  June  29,  1916.>— 
Although  many  experimenters  have  observed  that  even  a  small  amount  of 
COf  gives  a  notable  amount  of  absorption,  esi>ecially  in  the  infra-red  rays,  na 
exact  measurements  have  been  made  with  well-defined  sources  of  radiation. 
This  type  of  measurement  is,  however,  very  important,  as  water-vapour  and 
COf  are  always  present  in  atmospheric  air.  Paschen  found,  for  example,  that 
a  thickness  of  7  cm.  of  COt  was  sufficient  to  absorb  practically  all  the  infra- 
red radiation.  Experiments  have  been  carried  out  with  the  object  of 
determining  exactly  the  influence  of  water-vapour  and  of  COt  on  the  total 
black  radiation,  the  source  consisting  of  the  central  part  only  of  a  piqce  of 
heated  Pt-foil,  covered  with  platinum  black,  as  was  also  the  receiver,  as  in* 
the  Lummer-Kurlbaum  experiments.  The  distance  between  radiator  and 
receiver  was  88  cm.,  the  space  being  completely  closed  in.  Careful  measure- 
ments were  made  of  the  absorption  in  pure  air,  in  air  containing  COs,  and  in 
air  containing  COf  and  water-vapour,  at  temperatures  from  800^  to  700°  abs» 
It  was  found  that  absorption  by  water-vapour  is  only  shown  at  the  higher 
temperatures,  and  is,  in  general,  proportional  to  the  amount  of  water- vapour 
actually  present.  Absorption  by  COf  comes  into  prominence  at  temperatures 
about  500*^  abs.,  and  has  its  max.  influence  between  600°  and  700°  abs.    T.  B» 

1269.  Use  of  Lampblack  and  Platinum  Black  on  the  Receiver  in  Absolute 
Radiation  Measurements.  W.  Qerlach.  (Ann.  d.  Physik,  60.  8.  pp.  246- 
268,  June  29,  1916.)— Attention  is  drawn  to  the  unsatisfactory  results  that 
may  be  obtained  when  the  receiver  in  measurements  of  radiation  is  black- 
ened by  means  of  lampblack.  This  is  especially  the  case  when  low  pressures 
are  employed,  as  is  shown  in  some  results  given  by  Westphal  [Abs.  460 
(1918),  289  (1914)],  who  worked  at  pressures  of  about  1  mm.  The  absolute 
values  of  the  radiation  measured  with  an  absolute  bolometer  do  not  depend 
either  on  the  gas  or  the  pressure  when  an  electrically  deposited  platinum 
black  is  employed,  but  in  the  case  of  lampblack  this  is  not  the  case.  As  the 
pressure  is  decreased  from  atmospheric  pressure  there  is  constancy  down  to 
about  200  mm.,  then  a  slow,  followed  by  a  steep  fall  in  the  radiation,  with  a 
minimum  between  0*6  and  O'l  mm.,  and  finally  a  rise,  until  at  the  lowest 
attainable  pressure  the  results  are  again  about  equal  to  those  at  atmospheric 
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pressure.  The  thickness  of  the  lampblack  layer  also  ha#  a  decided  influence 
on  the  results.  Again,  if  the  lampblacked  plate  is  heated  by  electrical  energy, 
the  results  do  not  agree  with  those  obtained  from  heating  by  radiation.  In 
order,  therefore,  to  obtain  consistent  results,  platinum  black  should  be 
employed  in  work  of  this  nature.  T.  B. 

1260.  The  Constants  of  the  Siefan-Boltzmann  Radiation  Law;  New  Absolute 
Measurements  between  20°  and  46CP  C.  W.  Qerlach.  (Ann.  d.  Physik, 
50.  8.  259-269,  June  29, 1916.)— A  continuation  of  earlier  work  [see  Abs.  1229 
(1912)],  a  similar  method  being  employed,  but  with  a  completely  new  arrange- 
ment of  apparatus.  The  receiver  was  covered  with  platinum  black,  and 
corrections  were  applied  for  the  presence  of  water-vapour  and  COj  [see  two 
preceding  Abstracts].  The  mean  value  of  the  constant  <r,  as  given  by  52 
independent  observations,  was  5*85  x  10""  watt  cm.-*  deg."^  at  temperatures 
20^  to  450^  C,  this  being  in  good  agreement  with  the  results  of  the  former 
paper  for  temperatures  0*^  to  100°  C,  where  <r  =  5*9  x  10~".  An  exact  know- 
ledge of  this  constant  gives  a  means  of  testing  the  Planck  radiation  formula. 
According  to  Millikan's  new  photoelectric  measurements,  assuming  e  =s  4*77 
X  10"'*^  e.s.  unit,  the  value  of  the  "  universal  constant "  h  is  6-58  x  10"^  erg 
sec.  From  Planck's  formula,  h:ssact*l^iraCf  if  A  =  6'58xl0"",  assiffjc 
=  7-80  X  10-^  erg  cm.-«  deg.-^,  and  <r  =  5*85  x  10-"  watt  cm.-«  deg.-*,  it 
follows  that  Cf  =  1*4250.  The  latest  measurements  at  the  Reichsanstalt  by 
Warburg  and  MQller  give  Ct=:  1*4250,  1*4800,  and  1*4400,  the  lowest  value 
being  obtained  from  the  use  of  the  Stefan-Boltzmann  law.  Applying  this 
value  of  Cf  in  Planck's  equation,  the  value  of  e  is  4*88  x  10->^e.s.  unit. 
According  to  Millikan  the  best  experimental  value  of  e  is  4*77  X  10""*^.. 
Finally,  for  the  Loschmidt  number,  N,  the  value  obtained  (if  d  is  taken  as 
1-425)  is  N  =  60*0 X  10",  and  (for  c,  =  1-480),  N  ==  598  x  10».  The  value  of 
N  recentiy  given  by  Nordlund,  from  direct  measurement,  is  59*1  x  10", 

T.  B. 

1261.  Constants  of  Spectral  Radiation  of  a  Uniformly  Heated  Enclosure  or 
so-called  Black  Body.  II.  TV.  W.  Coblentz.  (Bureau  of  Standards,  Bull.  18. 
459-477,  1916  [Sci.  Papers,  No.  284].)— In  a  previous  communication  the 
results  of  an  investigation  of  the  constant  of  spectral  radiation  of  a  black, 
body  were  presented  [Abs.  901  (1914)].  The  position,  X^i  of  the  maximum 
emission  £«>  Was  computed  by  taking  the  wave-lengths  \\  and  Xs  correspond- 
ing to  equal  intensities  EXisEXs,  on  the  assumption  that  the  observed 
energy  curve  fits  the  Planck  equation.  The  equation  used  in  computing  X«» 
requires  a  knowledge  of  the  constant  C,  and  the  value  taken  was  C  =  14,500. 
A  new,  and  apparentiy  more  reliable  calibration  curve  of  the  fluorite  prism 
used  in  the  work,  and  the  discovery  of  small  errors  all  acting  in  the  same 
direction  have  necessitated  a  recomputation  of  the  values  of  the  constants. 
These  are  now  given  as  C  =:  14,869  (the  mean  data  of  other  investigators 
giving  14,850)  micron  degrees ;  A  =  2890  micron  degrees ;  the  coefficient 
of  total  radiation,  a  =  5*7  X  10""  watt  cm.-*  deg.-^ ;  and  the  constant,  h, 
of  the  quantum  theory,  of  the  ordcr^*  =  6*56  to  657  X  10"^  erg  sec. 

In  an  appendix  a  note  is  given  on  methods  of  calculating  the  spectral 
radiation  constants.  It  is  found  that  the  spectral  energy  curves  obtained  fit 
very  accurately  the  Planck  equation,  but  not  the  Wien  equation.  Diagrams 
are  given  supporting  this  statement.  T.  B*. 
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1262.  Acoustic  Repulsion  of  Jets  of  Gas.  A.  T.  Jones.  (Dissertation 
[50  pp.,  1916],  Clark  Univ.,  Worcester,  Mass.) — ^The  author  has  examined 
the  conditions  under  which  a  flame  is  deflected  by  progressive  waves  of 
sound.  The  principal  results  are  as  follows : — (1)  The  deflection  is  usually 
in  the  direction  of  advance  of  the  waves.  (2)  It  is  not  caused  by  any  mean 
streaming  of  the  air.    (8)  It  is  probably  caused  in  part  by  the  recognised 

-pressure  of  sound  on  the  hot  gases  of  the  flame.  There  may  be  also  some  other 
cause  not  yet  discovered.  (4)  In  one  striking  case  the  flame  was  cylindrical 
in  its  undisturbed  portion  below  the  track  of  the  sound-waves,  but  where  the 
ivaves  impinged  it  became  flattened  and  was  repelled,  the  edges  of  this 
1>lade-shaped  flame  being  more  repelled  than  its  centre.  (5)  Another  special 
'  case  was  the  attraction  of  a  flame  of  illuminating  gas  from  a  Bunsen  burner 
with  the  air  inlet  closed.  In  this  case  and  many  others  the  source  of  sound 
ivas  a  telephone  receiver. 

The  paper  includes  a  number  of  diagrams  and  tables,  a  theoretical 
-examination  of  the  phenomena,  and  a  plate  of  over  a  score  of  photographic 
reproductions  of  the  deflected  flames.  E.  H.  B. 

1263.  Acoustics  of  Auditorium  at  Illinois.  F.  R.  Watson  and  J.  M. 
IVhite.  (Univ.  of  Illinois,  Bull.  No.  87.  [20  pp.].  May,  1916.  Engineering, 
102.  pp.  880-882,  Oct  20, 1916.  Abstract.)— The  acoustics  of  the  auditorium 
of  the  University  of  Illinois  was  originally  very  faulty,  having  echoes  and 
a  prolonged  reverberation.  This  was  cured  by  the  author  as  described  in 
a  previous  paper  [see  Abs.  1664  (1914)] .  The  present  paper  describes  the 
changes  introduced  in  the  absorbing  material  so  as  to  conform  more  exactly 

.  'to  the  curvature  of  the  walls  and  lend  itself  to  the  new  scheme  of  decoration. 
At  the  same  time  a  pipe  organ  was  installed  and  a  change  made  in  the  light- 
ing system.  TheJ  new  absorbent  was  hair-felt  in  vertical  strips  and  then 
covered  with  rep  which  was  suitably  decorated  where  desired. 

Plans,  sections,  and  perspective  views  of  the  interior  are  shown  at  various 
stages  of  the  work.    The  result  is  satisfactory  both  for  music  and  speaking. 
'  For  orchestral  music  it  is  found  advantageous  to  have  the  wooden  floor  of  the 
^tage  bare  of  carpet  in  order  to  reinforce  the  sound  from  the  instruments. 

E.  H.  B. 

1264.  Gun-firing  and  Silence^ones.  £.  Esclangon.  (Comptes  Rendus, 
168.  pp.  167-169,  Aug.  14, 1916.)— The  author  divides  the  sounds  heard  into 
^hree  classes  :  A,  those  from  the  abrupt  expansion  of  gases  at  the  muzzle,  or 

'  report  proper ;  B,  the  sounds  arising  from  the  aerial  wake  of  a  projectile  at  a 
'  speed  exceeding  that  of  sound  ;  C,  the  explosions  of  projectiles.  Near  the 
^ront  the  three  sets  are  all  evidently  perceived.  Sounds  in  Classes  A  and  C 
are  habitually  heard  at  80  km.  distance,  but  those  of  Class  B  may  be  heard  at 
50, 100,  and  even  200  km.  It  is  pointed  out  that  the  source  of  these  sounds 
is  spread  over  a  considerable  length  of  the  trajectory.  £.  H.  B. 

1266.  Propagation  of  Sound  in  the  Free  Atmosphere.  W.  Schmidt.  (Phys. 
Zeits.  17.  pp.  888-885,  Aug.  1, 1916.) — A  general  risumS  of  the  chief  observa- 
tional  data  and  theories  concerning  them  as  to  the  propagation  of  intense^ 
sounds  on  the  large  scale  and  the  zones  of  silence  sometimes tound  to  occur» 
succeeded  by  second  audible  regions.  [See  Abs.  708, 1055  (1916).]  E.  H.  B. 
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ELECTRICITY  AND  MAGNETISM. 

THEORY,  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

1266.  EM,F,  produced  by  Acceleration  of  Metals,  R.  C.  Tolman  and 
T.  D.  Stewart.  (Phys.  Rev.  8.  pp.  97-116,  Aug.,  1916.)— The  modern 
theories  of  electricity  Imve  led  to  the  belief  that  the  passage  of  an  electric 
current  through  a  metal  really  consists  in  the  progressive  motion  of  "  free  "^ 
electrons  contained  in  the  body  of  the  metal  itself.  If  this  be  true  we  may 
now  expect  a  number  of  e£Fects .  arising  from  the  mass  of  these  electrons 

-  which  were  not  predictable  on  the  basis  of  old^r  theories  in  which  electricity 
was  regarded  as  a  sort  of  intangible,  massless  fluid.  As  examples  of  such 
effects,  we  might  expect  the  rear  end  of  an  accelerated  rod  of  metal  to  become 
negatively  charged  owing  to  the  lagging  behind  of  the  relatively  mobile 
electrons  which  the  metal  contains,  and  should  expect  the  periphery  of  a 
rotating  disc  to  become  negatively  charged  owing  to  centrif  ugsil  action  on 
the  electrons  in  the  disc. 

It  was  in  this  latter  way  that  an  effect  was  experimentally  sought.  The 
galvanometer  throw  obtained  was  always  in  the  direction  predicted  on  the 
basis  of  mobile  electrons  with  a  negative  charge.  On  the  theory  developed 
the  quantitative  agreement  of  the  experiments  is  in  fair  accord  with  the  mass 
of  an  electron  in  free  space.    [See  also  Abs.  1089  (1914).]  -  E.  H.  B. 

1267.  Value  of*  h"  Detehnined  PhotoeUctrically  from  the  Ordinary  Metals.. 
W.  H.  Kadesch  and  A.  £.  Hennings.  (Phys.  Rev.  8.  pp.  221-226,  Sept., 
1916.) — Further  to  the  work  described  in  a  previous  paper  additional  experi- 
ments  have  now  been  carried  out  on  Mg  and  Al.'  It  is  concluded  that  the 
value  of  h  is  in  accord  with  that  required  by  Einstein's  photoelectric  equation,. 
[See  also  Abs.  868  (1916).]  E.  H.  B. 

1268.  Some  Determinations  of  the  Sign  and  Magnitude  of  Electric  Discharges 
in  Lightning-flashes.  C.  T.  R.  Wilson.  (Roy.  Soc,  Proc.  92.  pp.  555-574,. 
Sept.  1, 1916.)— The  method  consists  in  determining  at  a  fixed  station  the 
change  in  the  vertical  electric  force  near  the  ground  which  occurs  as  a 
result  of  a  lightning-flash,  of  which  the  distance  from  the  station  is  known.. 
The  earth  being  treated  as  a  plane  conductor,  the  vertical  force  at  a  point 
on  the  surface  due  to  a  charge  on  a  thundercloud  and  the  induced  charge 
on  the  earth  is  -~%ihlf*,  where^  h  is  the  height  of  the  cloud,  q  the  charge,  and 
r  the  distance  of  the  cloud  from  the  point  on  the  surface.  When  a  lightning- 
flash  passes  between  the  earth  and  the  cloud,  the  charge  on  the  cloud  and 
the  corresponding  induced  charge  on  the  earth  are  destroyed,  and  the 
vertical  force  due  to  them  disappears.  Thus  ^jhjr*  or  2M/f9  is  the  change 
(F)  in  the  vertical  force  due  to  the  flash,  where  M  is  [the  electric  moment 
(qh)  of  the  discharge.  Thus  F  =  2M/[rf«(l  -I-  h^/d^^]  where  d  is  the  distance 
to  the  ground  end  of  the  discharge.    Putting  Fd^  =  2M\  we  have  2M'ss< 

Fd»  =  2M/(l  +  AV<'*)*^. 

An  apparatus  is  described  by  means  of  which  the  surface  density  of  the 
charge  on  the  ground  can  be  measured,  and  also  any  sudden  change  in 
the  surface  density,  as  produced  by  lightning.    The  vertical  force  is  pro- 
portional to  the  surface  density.    The  apparatus  is  essentially  a  self -record- 
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ing  form  of  the  Wilson  portable  electrometer  which  forms  part  of  the 
equipment  of  most  physical  observatories,  but  it  is  constructed  on  a  much 
larger  scale,  and  the  surface  of  the  "test-plate"  is  made  to  resemble  the 
undisturbed  surface  of  the  ground,  with  which  it  is  in  thjs  same  plane. 
The  test-plate  is  about  50  cm.  in  diam.,  ^and  the  dimensions  of  the  re- 
mainder of  the  apparatus  are  arranged  on  a  similar  scale.  The  method 
of  observation  is  to  watch  the  electrometer  of  the  instrument  for  sudden 
movements  due  to  lightning,  and  to  note  the  interval  between  each  move- 
ment and  the  first  sound  of  the  succeeding  thunder.  This  interval  gives  a 
measure  of  d  assuming  the  discharge  to  be  vertical,  while  F  is  obtained 
from  the  motion  of  the  electrometer  index.  Thus  M'  can  be  found,  and 
corresponding  values  of  M'  and  d  can  be  plotted  on  squared  paper  for 
successive  discharges  of  a  storm.  The  points  so  obtained  usually  lie 
approximately  on  a  hypothetical  curve  obtained  on  the  assumption  that 
both  q  and  h,  and  therefore  M,  remain  constant  throughout  the  storm. 
Values  of  h  are  assumed  in  di£Ferent  cases  varying  from  8  to  15  km.  and 
q  is  of  the  order  of  80  coulombs  (10"  electrostatic  units).  By  supposing 
that  the  discharge  takes  place  between  two  layers  of  cloud  instead  of 
between  a  cloud  and  the  earth,  and  suitably  modifying  the  theory,  different 
values  for  heights  of  the  clouds  combined  with  charges  of  the  order  of 
80  coulombs  are  found  to  give  curves  which  will  also  fit  the  observations 
very  well.  Thus  while  the  heights  of  the  clouds  remain  doubtful,  the 
author  considers  that  80  coulombs  is  a  fair  measure  of  the  amount  of 
electricity  involved  in  each  flash. 

The  fullest  observations  were  made  in  storms  of  which  the  prevailing 
direction  of  the  displacement  currents  due  to  the  discharges  was  upwards, 
but  that  is  not  always  the  case  in  a  thunderstorm.  Even  if  the  direction 
of  the  current  were  always  upward,  on  the  assumption  that  the  quantity  of 
electricity  in  each  discharge  is  80  coulombs,  about  80  lightning-flashes 
every  second  would  be  required  to  neutralise  the  total  conduction  air-earth 
curr^eiit  due  to  the  normal  atmospheric  potential  gradient  R.  0. 


DISCHARGE  AND  OSCILLATIONS. 

1260.  Photo-potentials  due  to  Light  of  Different  Frequencies.  A.  £. 
Hennings  and  W.  H.  Kadesch.  (Phys.  Rev.  8.  pp.  209-220,  Sept., 
1916.) — Examines  the  properties  of  a  number  of  metals  (Mg,  Al,  Zn,  Fe,  Sn, 
Cu)  in  respect  of  the  max.  energies  •of  photo-electrons  emitted  under  the 
influence  of  light  derived  from  a  mercury  arc  in  quartz.  The  energies 
were  determined  by  noting  the  retarding  potentials  suflicient  to  stop  the 
photoelectric  discharge.  The  photo-current-potential  curves  were  all  found 
to  plunge  sharply  into  the  potential  axis.  This  indicates  that  photo- 
electrons  released  from  a  given  surface  under  the  influence  of  light  of  a 
given  frequency  have  energies  which  do  not  exceed  a  definite  finite  value. 
The  apparent  max.  positive  potentials  assumed  by  the  six  metals  were  the 
same  so  long  as  the  surfaces  had  been  newly  scraped  in  a  vacuum.  This 
corroborates  the  theory  advanced  by  Millikan  [see  Abs.  862,  875  (1916)], 
which  is  also  supported  by  the  results  of  Richardson  and  Compton,  Hughes, 
and  Kadesch.  This  theory  makes  the  contact  p.d.  s=s  h  {vo  —  V)/^»  where 
vo'  and  vq"  are  the  critical  oscillation  frequencies  at  which  electrons  cease 
to  be  emitted.  The  emission  energy  decreases  with  age,  probably  owing  to 
the  formation  of  retarding  films.  -»  E.  E.  F, 
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1270.  Influence  of  Occluded  Gases  on  (he  Photoelectric  Effect.  R.  J. 
Piersol.  (Phys.  Rev.  8.  pp.  288-247,  Sept.,  1916.)— Experiments  on  Pd, 
Pt,  Au,  Ni,  and  Ag  in  the  form  of  strips  heated  several  times  electrically 
in  vacuo  show  that  a  photoelectric  e£Fect  exists  which  is  due  entirely  to  an 
intrinsic  property  of  the  metal.  Superimposed  upon  this  effect  there  is  a 
max.  effect  due  to  occluded  gases,  chiefly  dependent  upon  the  amount  of 
gas  driven  from  the  interior  to  the  surface  by  the  heating.  In  metals  of 
high  fusing-point  a  sufficient  number  of  heatings  drive  off  the  occluded 
gases  to  such  an  extent  that  all  abnormal  effects  disappear.  The  photo- 
electric sensitiveness  after  the  emission  of  occluded  gases  is  larger  than  the 
effect  noted  before  the  expulsion  of  the  gas.  E.  E.  F. 

1271.  Photoelectric  Effect  in  Lithium,  Sodium,  and  Potassium,  W.  H. 
Souder.  (Phys.  Rev.  8.  pp.  810-819,  Sept.,  1916.)— Investigates  the  photo- 
current  per  unit  of  incident  energy  as  a  function  of  the  wave-length,  using 
normal  incidence  on  new  surfaces  of  K,  Na,  and  Li  formed  by  shaving  in  vacuo. 
The  energy  was  measured  by  a  10-element  thermopile  connected  with  a 
sensitive  moving-needle  galvanometer.  The  only  source  of  energy  free  from 
stray  effects  when  used  with  a  Hi^ger  monochromatic  illuminator  was  found 
to  be  a  mercury  arc,  which  was  run  at  a  temperature  approaching  the 
melting-point  of  quartz,  and  required  special  precautions  against  physio- 
logical effects.  Curves  of  photo-current  per  energy  are  plotted  against  wave- 
lengths. The  maxima  are  about  882  /i/t  for  K,  850  /t/t  for  Na,  and  260/</i  for  Li. 
The  shape  of  the  curves  suggests  a  **  selective  "  effect  under  conditions  which 
ordinarily  would  only  give  Pohl  and  Pringsheim's  "normal"  effect.  This 
may  have  something  to  do  with  the  fact  that  the  surfaces  studied  were  pre- 
pared by  cutting  with  a  razor-edge  tool,  thus  giving  a  mirror-like  surface. 

E.  E.  F. 

1272.  Effect  of  a  Magnetic  Field  on  the  Conductivity  of  Flames,  C.  W. 
Heaps.  (Phys.  Rev.  7.  pp.  66ft-675,  June,  1916.)— In  the  experiments 
described  the  velocities  of  the  negative  flame  ions  have  been  determined  for 
different  values  of  the  electric  intensity.  To  avoid  complications  the  electric 
current  was  made  to  flow  vertically  in  the  same  direction  «as  the  flame  gases 
and  the  upper  electrode,  the  kathode,  was  coated  with  metallic  oxides  to 
eliminate  the  kathode  fall  of  potential.  The  potential  gradient  through  the 
flame  (measured  by  exploring  wires  connected  to  an  electrometer)  was 
studied  in  a  series  of  cases  and  conductivities  in  different  parts  of  the  flame 
were  thus  determined,  both  with  and  without  an  apph'ed  transverse  magnetic 
field.  With  weak  electric  fields  the  conductivity  is  higher  in  the  lower  part 
of  the  flame  ;  for  stronger  fields,  the  variation  is  smaller  and  the  conductivity 
is  higher  in  the  upper  part  When  a  transverse  magnetic  field  is  applied  the 
variation  of  conductivity  is  made  greater.  A  large  drop  of  potential  near  the 
anode  was  observed  with  big  p.d.'s  between  the  electrodes,  which  became 
much  smaller  for  smaller  applied  potentials. 

The  current-voltage  curve  resembles  a  *'  saturation  curve."  This  is  not  a 
true  saturation  curve,  but  is  explained  as  mainly  due  to  the  appearance  of  the 
anode  fall  of  potential,  the  final  rise  of  the  curve  being  due  to  ionisation  by 
collision.  It  is  shown  that  U  =  (X/H)  v^[(I  —  I  )/Ih]  ,  where  U  is  the  velocity 
^f  the  ion  under  electric  intensity  X  and  I,  In  are  the  currents  through  the 
flame  without  and  with  the  transverse  magnetic  field  H.  Hence  by  measuring 
the  effect  of  the  magnetic  field  on  the  conductivity  of  the  flame  the  velocity 
^f  the  negative  ions  can  be  determined.  The  velocity,  k,  of  the  ion  under  unit 
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potential  gradient  was  found  to  have  a  max.  value  of  20,400  cm./sec.  It  is 
shown  that  k  varies  with  x/p,  when  p  is  the  gas  pressure,  in  much  the  same 
way  as  Townsend  has  shown  k  to  vary  for  air  at  ordinary  temperatures :  for 
small  values  of  xip  the  velocity  is  proportional  to  xip,  a  stage  is  reached  when 
the  velocity  increases  rapidly  with  xip,  and  for  larger  values  of  xjp  it  becomes 
again  nearly  pro]!)ortional.  The  conclusion  is  drawn  that  when  xip  is  above 
0*09  the  flame  ions  are  free  electrons ;  with  xip  between  0*09  and  0*01  the 
electrons  begin  to  associate  with  gas  molecules,  and  when  xip  is  below  0*01 
the  electrons  are  free  for  about  one-eighth  of  the  time.  This  variation  of  k 
with  xlf  probably  explains  the  lack  of  agreement  between  the  values  of  k  2ls 
determined  by  different  experimenters.  T.  H. 

1273.  Retrograde  Rays  from  the  Cold  Kathode,  O.  H.  Smith.  (Phys. 
Rev.  7.  pp.  625-682,  June,  1916.)— This  is  a  study  of  the  retrograde  rays  in 
residual  air,  a  much  finer  beam  than  that  used  by  J.  J.  Thomson  being  used 
[Abs.  1890  (1907)].  Photographs  were  obtained  in  the  usual  way  after 
deflection  of  the  rays  by  electrostatic  and  magnetic  fields.  The  molecule  of 
hydrogen  appeared  on  every  plate,  accompanied  by  a  heavier  carrier  which 
was  usually  the  molecule  of  oxygen.  The  presence  of  helium  apparently 
made  no  difference. 

It  was  found  that  the  lines  due  to  the  negative  ions  in  the  rays  on  the 
photographic  plates  were  clearer  and  sharper  than  those  due  to  the  positive, 
which,  it  is  suggested,  is  due  to  the  disturbance  to  the  path  of  the  positive 
particles  in  the  process  of  losing  electrons  and  becoming  positive.  The  lines 
were  distinct  enough  to  admit  of  determining  approximately  the  place  where 
the  slowest  ions  strike,  ue,  those  that  had  just  sufficient  velocity  to  affect  the 
plate.  The  measurements  showed  that  the  power  to  affect  the  plate  is  a 
function  of  the  kinetic  energy  of  the  particle.  The  minimum  energy  required 
is  of  the  order  7*4  x  10"*  erg,  but  this  value  appears  to  depend  somewhat 
bpon  the  emulsion  of  the  plate.  T.  H. 

1274.  Low^oteniial  Discharge  Spectrum  of  Mercury  Vapour  in  Relation  ta 
lonisation  Potentials.  J.  T.  Tate.  (Phys.  Rev.  7.  pp.  686-687,  June,  1916. 
Abs.  of  paper  read  before  the  Am.  Phys.  Soc.,  April,  1916.)— Franck  and 
Hertz  have  shown  that  collisions  between  electrons  accelerated  in  an  electric 
field  and  atoms  of  mercury  vapour,  are  elastic  for  velocities  of  the  electrons 
less  than  4*9  volts.  At  this  velocity  the  electrons  are  capable  of  giving  up  all 
their  energy  at  collision.  They  also  showed  that  part,  at  least,  of  this  energy 
was  emitted  by  the  vapour  as  monochromatic  radiation  of  wave-length 
258*67  ikfi,  the  frequency  to  be  expected  if  hvsseV.  The  author  has  repeated 
the  measurements  of  Franck  and  Hertz  very  carefully,  and  has  obtained  a 
value  of  4*90  ±  '08  volts  for  the  critical  velocity.  Indications  of  secondary 
maxima  in  the  current-potential  curves  were  found  showing  the  possibility  of 
other  types  of  collision  at  higher  potentials.  A  secondary  critical  veloci^  of 
the  electrons  is  to  be  expected  at  which  the  energy  they  give  up  is  emitted  as 
radiation  of  many  frequencies  corresponding  to  the  many-lined  spectrum  of 
mercury.  The  present  paper  deals  with  an  attempt  to  fix  the  value  of  this 
secondary  critical  velocity  and  to  demonstrate  whether  or  not  ionisation  takes 
place  at  this  point.  The  apparatus  used  consisted  of  a  discharge  tube  into 
which  a  mercury  barometer  column  projected,  giving  a  continuous  supply  of 
mercury  vapour  when  heated  by  a  hot  kathode  situated  about  2  cm.  above  the 
surface  of  the  mercury.  A  Pt  net  screening  the  mercury  surface  served  as 
anode.    To  further  concentrate  the  field  a  second  Pt  net  was  introduced 
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between  the  hot  kathcxle  and  the  anode.  The  space  between  the  nets  was 
focused  on  the  slit  of  a  quartz  spectrograph  in  such  a  way  that  the  lines  of  the 
spectrum  were  limited  in  length  by  the  nets.  The  initial  velocity  of  the 
electrons  was  obtained  in  the  usual  way.  It  was  found  that  with -velocities 
corresponding  to  total  effective  potentials  of  more  than  about  5  volts  and  less 
than  10  volts  the  spectrum  consisted  of  a  single  line  of  wave-length  258*67  fift. 
At  about  10'8  volts  the  many-lined  spectrum  of  mercury  began  to  appear  inthe 
region  of  the  anode,  and  with  increasing  potentials  the  lines  gradually 
increased  in  length.  Current-potential  curves  showed  a  very  sharp  break  at 
lO'O  volts,  but  no  break  was  detected  in  the  region  of  4*9  volts.  Thus  a 
marked  ionisation  occurs  in  mercury  vapour  when  the  velocity  of  the  colliding 
electrons  reaches  a  critical  value  of  10  volts,  which  is  very  nearly  the  value 
(10*2  volts)  to  be  expected  on  the  basis  of  Bohr's  atomic  theory,  as  McLennan 
has  already  pointed  out.  The  energy  lost  by  the  electrons  at  these  collisions 
is  radiated  out  as  the  many-lined  spectrum  of  mercury.  It  also  appears  that 
although  ionisation  of  mercury  vapour  at  4*9  volts  is  not  definitely  disproved, 
it  is  certainly  piuch  less  complete  than  the  ionisation  taking  place  at  10  volts. 

A.  W. 

1276.  Theory  of  the  Kathode  Fall  of  Potential.  H.  A.  Wilson.  (Phys. 
Rev.  8.  pp.  227-287,  Sept.,  1916.)— -The  theory  of  the  kathode  fall  of  potential 
and  Crookes'  dark  space  (based  on  ionisation  by  collisions  of  electrons  and 
positive  ions  with  the  gas  molecules  and  by  the  impact  of  ions  on  the  kathode) 
is  discussed  and  is  shown  to  be  capable  of  accounting  for  the  main  facts.  A 
brief  statement  of  the  experimental  results  of  investigators  on  the  kathode- 
fall  is  given,  and  the  remainder  of  the  paper  is  mainly  of  a  mathematical 
nature.  A.  E.  G. 

1276.  Action  of  Calcium  in  a  Discharge  Tube.  H.  B.  C.  Allison.  (Phys. 
Rev.  7.  p.  688,  June,  1916.  Abstract  of  paper  read  before  Am.  Phys.  Soc.,  April, 
1916.) — ^A  Pliicker  tube  of  the  usual  type  about  8  in.  in  length,  and  having  a 
capillary  connecting  the  two  electrode  chambers  is  used.  The  electrodes 
are  Al  rods  mounted  on  Pt- wires.  In  one  of  the  electrode  chambers  some 
•calcium  chips  are  placed  before  the  electrode  is  sealed  into  the  tube.  The 
usual  lamp  exhaust  is  given,  and  the  tube  filled  with  argon  of  at  least  99*8  % 
purity.  After  washing  out  the  tube  twice  it  is  sealed  off  at  2  mm.  pressure 
and  connected  with  a  high-voltage  transformer.  A  spectroscope  having  been 
put  in  position,  the  spectrum  is  observed  to  be  a  combination  of  argon  lines 
and  nitrogen  bands,  with  four  prominent  hydrogen  lines.  As  the  tube 
continues  to  run  the  nitrogen  disappears  first  and  then  the  hydrogen,  until 
only  the  pure  argon  spectrum  remains.  During  this  time,  the  calcium  chips 
are  in  the  path  of  the  discharge,  but  not  in  contact  with  the  electrode.  The 
tube  is  then  inverted,  and  shortly  afterwards  the  hydrogen  lines  appear  as 
brilliantly  as  at  first.  The  calcium  is  then  in  contact  with  the  electrode. 
Upon  returning  to  the  original  position  the  clean-up  of  the  hydrogen  again 
takes  place.  It  is  possible  to  repeat  this  reversal  a  large  number  of  times,  but 
so  long  as  any  calcium  remains  in  contact  with  the  electrode,  hydrogen  is 
always  present  in  the  spectrum.  This  is  undoubtedly  due  to  the  formation 
of  calcium  hydride  in  the  first  position,  and  its  subsequent  decomposition 
when  in  contact  with  the  electrode.  A.  E.  G. 

1277.  Tungsten  Arc  under  Pressure.    G.  P.  Luckey.    (Frank.  Inst.,  J. 
182.  pp.  407-409,  Sept.,  1916.    Electrician,  77.  p.  947,  Sept  29,  1916.)— 
Describes  experiments  undertaken  primarily  for  the  purpose  of  determining 
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whether  the  temperature  of  melting  tungsten  showed  a  marked  change  under 
pressure.  For  this  purpose  a  tungsten  arc  was  used,  and  the  ipelting-point 
of  tungsten  in  an  atmosphere  of  nitrogen  was  determined  for  pressures  up  to- 
85  atmos.  The  red  black-body  temperatures  of  the  melting  .tungsten  for 
X  :s  0*661  ft  were  measured  by  means  of  a  Holborn-Kurlbaum  pyrometer,  the 
values  used  for  the  absorption  coefficient  of  tungsten  in  computing  the  true 
temperature  being  obtained  by  extrapolating  from  values  obtained  by 
Worthing  for  temperatures  up  to  8200°  K.  [see  Abs.  676  (1916)].  The  results 
of  the  melting-point  determinations  are  given  in  the  table.  Above  12  atmos.. 
rather  large  uncertainties  in  the  determination  of  the  melting-point  were- 
introduced  by  the  distortion  of  the  image  due  to  the  refraction  ofJthe  heated 
gases  in  the  neighbourhood  of  the  arc. 

Apparent  Melting-point  of  Tungsten  under  Pressure. 


Pressure  (Atmos.). 

Red  Black-bodv  Tempera- 
ture X  «  0'661  m- 

True  Temperatures. 

1 

8188  °K. 

8628  °K. 

4 

8129 

8611 

8 

3116 

8594 

11 

8118 

8590 

14 

8107 

8682 

18 

8099 

8572 

21 

8092 

8562 

28 

8098 

8564 

At  the  point  where  the  main  arc  discharge  centres  on  the  electrodes  of  the- 
arc,  a  temperature  much  higher  than  that  of  the  surrounding  melted 
tungsten  was  noticed.  The  temperature  of  this  area  varied  with  the- 
pressure,  the  current  through  the  arc,  and  the  area  over  which  the  discharge 
took  place.  Measurements  of  the  highest  attainable  red  black-body  tempera- 
ture were  made  of  this  area  at  different  pressures,  and  the  values  found  are 
given  in  the  paper.  It  is  considered  doubtful  whether  this  temperature  can 
be  assumed  to  be  the  boiling-point  of  tungsten.  It  is  more  probable  that  it 
represents  some  temperature  lying  between  the  melting-point  and  the  boiling- 
point.  Measurements  were  also  made  of  the  electrical  characteristics  of  the 
tungsten  arc  in  nitrogen  under  pressures  from  1  to  80  atmos.         },  W.  T.  W.. 

1278.  Electric  Discharge  in  a  Transverse  Magnetic  Field,  D.  N.  Mallik 
and  A.  B.  Das.  (Phil.  Mag.  82.  pp.  50-65,  July,  1916.)— In  previous  papers^ 
the  behaviour  of  an  electric  discharge  in  a  tube  of  De  La  Rive's  pattern  under 
gradually  decreasing  pressure  has.  been  discussed  and  a  theoretical  explana- 
tion attempted  [Abs.  224  (1918)].  In  the  present  work  the  behaviour  of  the 
discharge  when  the  rotating  stage  is  passed  is  studied  in  detail  both  experi- 
mentally and  mathematically.  The  paper  is  not  suitable  for  abstraction,  and 
for  further  details  the  original  should  be  consulted.  T.  H.. 


ELECTRICAL   PROPERTIES   AND  INSTRUMENTS. 

1279.  Inductance  of  Four-terminal  Resistance  Standards,     F.  B.  Silsbee.. 

(Bureau  of  SUndards,  Bull.  18.  pp.  876-422,  1916  [Sci.  Papers,  No.  281]. 

Electrician,  78,  p.  192,  Nov.  10,  1916.    Abstract.)— A  study  of  the  various 

methods   of   measuring   the    time-constants    of    four  •  terminal   resistance 
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standards,  which  are  classified  into  two  main  t3rpes,  viz.  (1)  those  in 
which  the  working  material  is  formed  into  a  closed  circuit  of  as  little  self* 
inductance  as  possible,  and  the  potential  leads  kept  free  from  all  inductive 
e£Fects,  and  (2)  those  in  which  the  potential  leads  are  placed  as  close  as 
possible  to  this  working  resistance  so  that  the  mutual  inductance  of  the  lead 
and  the  resistance  is  nearly  equal  and  opposite  to  the  self-inductance  of  the 
resistance.  The  close  analogy  between  four-terminal  resistances  (or 
*'  shunts '')  and  mutual  inductances  is  used,  and  the  causes  of  phase  defects  are 
pointed  out,  methods  of  avoiding  or  minimising  these  sources  of  error  being 
suggested.  Measurements  on  the  inductances  of  shunts  are  divided  into  two 
classes :  First,  relative  measurements  in  which  the  di£Ference  in  time- 
constant  ,of  two  shunts  is  determined  in  terms  of  known  quantities ;  and 
second,  absolute  measurements  in  which  the  time-constant  of  a  single  shunt 
is  completely  determined.  Of  the  many  relative  methods  available,  two  are 
considered  in  detail  with  diagrams  of  connections,  and  the  results  of  measure- 
ments made  by  means  of  them  are  given  in  the  paper.  The  best  method  for 
the  absolute  determination  of  the  inductances  of  shunts  is  by  comparison 
with  some  four-terminal  standard  whose  inductance  can  be  computed  from 
the  dimensions.  This  method,  however,  is  open  to  the  objection  that  in  the 
computed  standard  the  current  distribution,  end  e£Fects,  etc.,  may  not  be 
such  as  are  assumed  in  the  mathematical  theory.  Each  type  of  standard  is 
considered  separately  with  a  view  to  these  sources  of  error,  and  three  distinct 
types  were  used  for  the  absolute  determinations,  as  well  as  two  other  methods 
recently  proposed  in  which  there  is  no  dependance  on  computation.  The 
formulae  for  various  arrangements  of  tubular  shunts  are  deduced  from  a  new 
point  of  view,  and  put  in  a  suitable  form  for  computation.  The  time- 
constants  of  a  number  of  shunts  at  the  Bureau  of  Standards  and  Harvard 
University  were  determined  by  these  methods  to  within  one  or  two-tenths 
of  a  microsecond,  so  that  these  may  now  be  used  as  standards  for  the  calibra- 
tion of  other  shunts.  The  inductance,  and  susceptibility  to  stray  fields,  of  a 
number  of  commercial  types  of  shunt  were  measured,  and  in  some  cases 
a  change  of  resistance  in  the  presence  of  the  external  field  was  detected. 

J.  W.  T.  W. 

1280.  Volume  Effect  in  the  Silver  Voltameter.  £.  B.  Rosa  and  G.  W. 
Vinal.  (Bureau  of  Standards,  Bull.  18.  pp.  447-457,  1916  [Sci.  Papers, 
No.  288].)— Misunderstanding  has  arisen  concerning  the  volume  efiFect  in  the 
silver  voltameter,  and  some  writers  have  even  questioned  its  reality.  A  large 
quantity  of  data  is  therefore  given  to  prove  the  existence  of  the  efiFect  and  to 
explain  the  cause  of  it.  The  results  are  divided  into  three  classes.  The 
first  class  includes  a  number  of  voltameter  determinations  made  with  the 
ordinary  commercially  pure  silver  nitrate.  In  the  second  class  the  salt  used 
was  tested  by  means  of  potassium  permanganate  for  reducing  substances  and 
was  also  tested  for  acidity  and  found  satisfactory.  The  third  class  of  results 
includes  cases  in  which  the  electrolyte  was  purposely  contaminated.  The 
forms  of  voltameter  used  were  the  porous-cup,  the  Kohlrausch,  the  siphon^ 
the  filter-paper  form,  and  the  Smith  form.  In  the  case  of  pure  electrolytes, 
the  observations  show  that  there  is  no  tendency  whatever  for  the  deposit  of 
silver  to  t>e  larger  in  the  large  voltameter.  In  the  case  of  purposely  con- 
taminated electrolytes,  the  deposits  in  the  larger  voltameters  were  alwajrs 
considerably  in  excess.  When  the  electrolytes  made  from  purchased  salt 
were  used  the  deposits  in  the  large-size  voltameters  were  also  always  greater 
than  in  the  small  size.    The  general  conclusions  drawn  arc,  that  no  matter 
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what  the  form  of  voltameter,  if  the  electrolyte  is  pure  there  will  be  no 
difference  in  the  mass  of  the  deposits  owing  to  the  difference  in  volume 
of  electrolyte  employed,  but  if  the  electrolytes  are  impure  there  will  be  a 
difference,  the  volume  effect  being  caused  by  impurities  in  the  electrol3rte. 
The  difference  is  believed  to  be  due  to  the  presence  of  colloids  in  the  impure 
solutions.  F.  E.  S. 

1281.  Electric  Dilation  of  Solid  Insulators  in  a  Direction  normal  to  the 
Electric  Field.  L.  Bouchet.  (Comptes  Rendus,  168.  pp.  169-171,  Aug.  14, 
1916.) — Righi,  Quincke,  and  more  recently  Cantone  and  Pozanni,  have 
measured  the  dilation  of  glass  under  the  influence  of  the  electric  field,  but 
their  results  are  discordant.  The  experiments  with  glass  are  now  repeated 
and  are  supplemented  with  others  on  ebonite  and  paraffin.  The  appar- 
atus employed  is  briefly  described,  and  a  table  showing  the  results 
obtained  is  given.  With  all  the  substances  it  is  found  that  on  exciting  the 
field  a  dilation  occurs  which  varies  with  the  nature  of  the  solid  and  the  dura- 
tion of  the  charge.  It  is  also  shown  that  the  dilations  increase  at  the  same 
time  as  the  inverse  of  Young's  modulus,  and  in  the  case  of  ebonite  the 
extensions  are  sensibly  proportional  to  1/E.  This  result 'makes  it  appear  that 
there  is  a  connection  between  the  electric  deformation  and  the  modulus  of 
elasticity.  External  action,  such  as  electrostatic  pressure,  does  not  produce 
any  sensible  effect  upon  the  elongation  of  the  insulator.  A.  E.  G. 

1282.  Mutual  Inductance  between  a  Helix  and  a  Coaxial  Circle  and  Coaxial 
Cylindrical  Current-sheet.  K.  Terazawa.  (Tohoku  Math.  J.  10.  pp.  73-80, 
Aug.,  1916.) — In  numerous  papers  Nagaoka  has  shown  how  the  mutual  induct- 
ance between  coaxial  solenoids  can  be  rapidly  computed  by  means  of  formulas 
involving  Jacobi's  ^-series.  The  author  proves  that  the  mutual  inductance 
between  a  helical  coil  and  a  coaxial  cylindrical  current-sheet  can  be  rapidly 
computed  in  the  same  way.  He  takes  x=sib  cos  ^,  ^  ^  6  sin  ^,  a  =:^^  as  the 
equation  to  the  helix  and  x^a  cos  0,  ys=a  sin  9,  and  z  s=  c  as  the  equation 
to  the  circle. 

If  2/  be  the  length  of  the  helix  and  the  distance  between  the  middle  point 
of  the  helix  and  the  centre  of  the  circle  be  d,  he  finds  that  }A^:=2ablp 
[T{d  H-  /)  —  T{d  —  /],  where  T(x)  is  a  certain  integral  which  can  be  evaluated 
rapidly  by  Nagaoka's  method.  By  integrating  this  equation  the  mutual 
inductance  between  a  helix  and  a  cylindrical  current-sheet  is  easily  found. 

A.  R. 

1283.  New  Method  of  producing  Stationary  A,C.  Curves  with  theBraun  Tube, 
C.  H.  V.  Bressler.  (Phys.  Zeits.  17.  pp.  849-852,  Aug.  1,  1916.)— The 
author  has  worked  out  a  new  method  by  means  of  which  accurate  a.a  curves, 
which  are  stationary,  can  be  produced  on  the  screen  of  a  Braun  tube.  One 
branch  in  a  balanced  bridge  consists  of  a  wire  fastened  to  the  circumference 
of  a  rotating  disc,  with  which  a  brush  makes  rubbing  contact.  The  disc  is 
mounted  on  the  axle  of  a  synchronous  motor.  In  the  bridge,  in  which  the 
deflecting  coils  lie,  periodic  current-changes  are  produced  which  are  propor- 
tional to  the  time.  The  curves  can  be  measured  directly  or  they  can  be 
photographed.  I.  W. 

1284.  Sensitivity  and  Magnetic  Shielding  Tests  of  a  Thomson  Galvanometer 
or  Use  in  Radiometry.    W.  W.  Coblentz.    (Bureau  of  Standards,  Bull.  18. 

pp.  428-446, 1916  [Sci.  Papers  No.  282].)— Describes  an  investigation  of  the 
orce  exerted  by  various  galvanometer  coils  as  compared  with  a  set  of  three. 
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coils  used  as  standards.  Some  of  the  coils  were  wound  according  to 
theoretical  requirements,  while  others  were  wound  empirically.  The 
behaviour  of  any  coil  under  test  was  determined  by  observing  the  deflection 
produced  by  a  given  current  as  compared  with  the  deflection  iproduced  by 
the  same  current  when  passed  through  the  standard  coils.  Numerical  data 
are  given  relating  to  the  fof ce  exerted  by  coils  having  various  resistances. 
A  simple  d-ohm  coil  is  described,  wound  with  a  single  size  of  wire  (No.  28), 
which  was  found  to  be  very  efficient.  A  9-ohm  coil  is  also  described,  which 
is  very  efficient,  and  is  well  adapted  to  be  used  with  the  Bi-Ag  thermopiles 
previously  described  [see  Abs.  1121  (1915)].  A  comparison  is  made  of 
various  astatic  magnet  systems,  and  data  are  given  showing  the  importance 
of  using  small  mirrors  in  order  to  increase  the  sensitivity.  Experiments  are 
described  on  shielding  the  galvanometer  needle  from  external  magnetic 
disturbances.  The  galvanometer  coils  are  mounted  in  cavities  cut  into  blocks 
of  Swedish  iron,  which  reduce  the  air  space  and  act  as  a  magnetic  shield. 
This  elimination  of  convection  currents  greatly  improves  the  steadiness 
of  the  needle  system.  Various  shields  are  described,  consisting  of  laminated 
cylindefs  made  from  transformer  iron  and  solid  cylindrical  shells  cut  from 
wrought-iron  gas  pipe.  By  embedding  the  galvanometer  coils  in  blocks 
of  Swedish  iron,  which  are  surrounded  by  cylindrical  shells  of  transformer 
iron  and.of  wrought  iron,  the  effect  of  external  magnetic  perturbations  upon 
the  astatic  needle  system  is  easily  reduced  to  1/2000  of  its  original  value. 
Experiments  on  a  vacuum  galvanometer  are  described,  in  which  a  sensitivity 
was  attained  which  is  more  than  ten  times  that  used  in  the  author's  previous 
work  on  stellar  radiation  [Abs.  540  (1915)].  The  paper  concludes  with  an 
appendix  on  the  use  of  vacuum  thermopiles.  J.  W.  T.  W. 

1285.  Resonance  Method  for  Measuring  the  Phase-difference  of  Condensers^ 
H.  L.  Dodge.  (Phys,  Rev.  7.  pp.  584-585,  May,  1916.  Abstract  of  paper  read 
before  the  Am.  Phys.  Soc.) — When  an  alternating  e.m.f.  is  impressed  upon  a 
condenser  the  resulting'  current  does  not  lead  the  e.m.f.  by  the  theoretical 
90  deg.  The  angle  by  which  the  current  lags  behind  the  theoretical  value  is 
known  as  the  phase-difference  of  the  condenser.  It  is  possible  to  determine 
this  angle  from  data  obtained  in  the  experimental  study  of  current  resonance. 
A  coil  of  inductance  L,  resistance  r,  and  impedance  z  is  arranged  to  be  con- 
nected in  parallel  with  a  number  of  paper  condensers  of  the  telephone  type 
of  nominally  equal  capacity.  An  alternating  e.m.f .  being  applied  the  values 
of  the  total  current,  the  coil  current,  and  the  condenser  current  are  read  as 
the  condensers  are  introduced  one  by  one.  The  coil  current  will  remain 
constant,  the  condenser  current  will  increase  uniformly,  while  the  total 
current  will  decrease,  pass  through  a  minimum  value,  and  then  increase.  If 
several  sets  of  these  values  are  chosen  and  the  vector  diagram  of  currents  be 
constructed,  it  is  seen  that  if  the  phase-difference  of  the  condensers  is  to  be 
zero  the  minimum  total  current  must  be  exactly  equal  to  the  projection  of  the 
coil  current  upon  the  voltage  axis.  As  a  matter  of  fact  the  minimum  total 
current  is  larger  by  an  amount  which  varies  with  the  magnitude  of  the  phase- 
difference.  To  obtain  the  phase-difference  proceed  as  follows : — Draw  the 
voltage  axis.  From  the  constants  of  the  coil  determine  the  angle  by  which 
the  coil  current  lags  behind  the  voltage  and  plot  to  scale  the  vector  repre- 
senting the  coil  current.  With  the  origin  as  centre  and  radius  equal  to  the 
minimum  value  of  the  total  current  describe  an  arc  reaching  a  short  distance 
each  side  of  the  axis  of  reference.  From  the  extremity  of  the  coil  current 
vector  draw  a  line  tangent  to  this  arc.    The  angle  which  this  line  makes  with 
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the  reference  axis  is  the  power-factor  angle  of  the  condensers.  The  difiEe- 
rence  between  this  angle  and  90  deg.  is  the  phase-difiEerence  of  the  condensers. 
It  is  also  given  by  the  formula  cos~*(r/j)  —  cos-^Il/It),  where  II  is  the  coil 
current  and  It  the  minimum  value  of  the  total  current.  A  sine-wave  e.mi. 
has  been  assumed.  If  higher  harmonics  are  present  their  e£fect  will  be  to 
increase  the  apparent  value  of  the  phase-difference,  but  their  effect  may  be 
reduced  by  the  introduction  of  inductance  in  series  with  the  parallel  circuit. 
The  method  is  not  proposed  as  one  possessing  any  great  accuracy.  It  is, 
however,  of  some  theoretical  interest,  and  has  proved  of  value  in  a  laboratory 
where  students  in  studying  the  alternating-current  circuit  use  the  commercial 
paper  condenser.    [See  Abs.  828b  (1912).]  A.  W. 

1286.  Arrangement  for  Obtaining  Constant  Hij^h  Potentials.  A.  W.  Hull. 
(Phys.  Rev.  7.  pp.  406-407,  March,  1916.  Rev.  Elec.  26.  pp.  250-261,  Oct  20, 
1916.  Also  see  Gen.  El.  Rev.  19.  pp.  178-181,  March,  1916.)— Gives  two 
schemes  of  connections  for  obtaining,  with  the  aid  of  two  kenotrons,  constant 
high  potentials,  above  and  below  60,000  volt^  respectively.  With  alternating 
current  of  frequency  2000  per  sec.  at  160  volt$  the  arrangement  is^able  to 
furnish  6  kw.  of  direct-current  energy  at  pressures  between  10,000  and 
100,000  volts  with  a  pressure  variation  less  than  1  %.  L.  H.  W. 


ALTERNATING  CURRENTS   AND   MAGNETISM. 

1287.  Ferromagnetic  Substances  and  Crystals  in  the  Light  of  Ewin^s  Theory, 
K.  Honda  and  J.  6kubo.  (Tohoku  Univ.,  Sci.  Reports,  6.  pp.  168-214, 
Aug.,  1916.) — E wing's  theory  is  taken  as  a  basis  and  is  treated  mathematically, 
starting  with  the  two-dimensional  case.  The  force  on  an  elementary  magnet 
at  the  middle  of  a  square  space-lattice,  on  which  lie  eight  other  equal 
elementary  magnets,  is  calculated  in  terms  of  the  external  field,  the  length  of 
the  square,  the  pole  strength  and  pole  distance.  J'he  magnetisation  of  a 
single  complex  is  then  discussed,  and  the  curve  of  magnetisation  is  deduced 
and  it  agrees  with  the  experimental  one.  Equations  are  also  obtained  which 
give  the  hysteresis  loop.  The  loop  thus  obtained  possesses  the  characteristics 
shown  by  those  for  iron,  nickel,  and  cobalt,  but  it  displays  too  much  residual 
magnetism.  The  theory  is  next  applied  to  the  case  of  crystal  magnetism,  and 
the  results  are  compared  with  the  experimental  results  of  Weiss,  Kunz,  and 
Quittnen'  Certain  considerations  show  that  complicated  features  of  mag- 
netisation as  observed  in  magnetite  and  pyrrhotine  are  due  to  distortions  of 
the  regular  space-lattice.  The  possession  by  pyrrhotine  of  directions  of  easy 
and  difficult  magnetisation  in  the  magnetic  plane  can  be  explained  by 
assuming  that  on  account  of  the  deformed  configuration  of  molecules  in  the 
hexagonal  space-lattice,  the  mutual  action  between  the  magnets  in  the 
different  rows  is  very  small  in  comparison  with  that  between  the  magnets  in 
the  same  row.  It  is  contluded  that  the  magnetic  properties  of  these  crystals 
can  be  explained  by  assuming  a  cubic  space-lattice  for  magnetite  and  a 
hexagonal  one  for  pyrrhotine ;  no  other  forces  than  the  mutual  magnetic 
action  between  the  molecules  are  required  to  explain  the  magnetic  properties 
of  these  crystals.  Finally,  the  existence  of  the  molecular  field,  put  forward  by 
Weiss,  is  not  consistent  with  the  observed  facts.  G.  E.  A. 

1288.  Paramagnetism.  R.  Gans.  (Ann.  d.  Physik,  60.  2.  pp.  168-198, 
June  16,  1916.) — Mathematical.  In  this  paper  the  author  goes  into  greater 
detail  [see  Abs.  721  (1916)]  in  order  to  show  how  the  more  carefully  worked- 
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•out  theory  is  capable  of  representing  quantitatively  the  specific  susceptibility 
a^  a  function  of  the  temperature.  With  regard  to  the  susceptibility  at  very 
low  temperatures,  it  is  found  that  iJi  the  neighbourhood  of  absolute  zero  the 
specific  susceptibility  varies  as  the  seventh  power  of  the  absolute  temperature. 
The  values  found  for  the  magnetic  moment  per  gm.-molecule  per  magnetic 
atom  are,  in  most  cases,  nearly  whole  numbers,  as  is  demanded  by  Weiss's 
theory,  but  this  is  not  the  case  for  F^S04)j  and  for  MnSOj,  The  values 
found  for  the  molecular  field  are  considerably  greater  than  10^  gauss. 

G.  E.  A. 

1289.  Magnetic  Shielding  of  Large  Spaces.  E.  Wilson  and  J.  W. 
Nicholson.  (Roy.  Soc,  Proc.  92.  pp.  629-649,  Sept.  1,  1916.)— Starting 
from  Maxwell's  expression  for  the  field  inside  a  spherical  shell,  Riicker's 
results  are  first  discussed,  and  it  is  pointed  out  that,  as  regards:  the  problem 
of  maximum  shielding  for  a  given  amount  of  material  Riicker  showed,  that 
there  is  no  "best  arrangement"  of  two  shells  unless  the  volume  of  the 
material  exceeds  one-hundredth  of  the  volume  of  the  space  enclosed.  In 
general,  for  permeability  /<,  a  shell  should  not  be  laminated  if  its  thickness  is 
smaller  than  the  fraction  8/2 /i  of  its  radius.  A  theory  of  shielding  by  means  - 
of  a  series  of  shells  is  then  worked  out,  and  in  accordance  with  the  results 
of  this  theory  a  shield  was  designed  consisting  of  four  shells,  the  inner 
diameter  of  the  smallest  being  22  in.  To  measure  the  weak  field  inside  the 
shells,  an  inductor  rotated  by  hand  was  used  in  conjunction  with  a  ballistic 
galvanometer.  By  means  of  this  method  a  field  of  order  8  X  10-»  was 
measured ;  this  was  the  field  inside  a  space  of  radius  80  cm.,  surrounded  by 
1278  kg.  of  high-permeability  dynamo-magnet  steel. 

It  is  now  possible  to  examine  the  behaviour  of  iron  under  practically  no 
magnetic  force.  G.  £.  A. 

1290.  Hall  and  Corbino  Effects.  A.  K.  Chapman.  (Phil.  Mag.  82? 
pp.  808-826,  Sept.,  I916.)--The  variations  of  the  Corbino-efiFect  with  the 
magnetic  field  have  been  studied  in  a  number  of  metals  and  alloys,  and  these 
variations  compared  with  measurements  of  the  Hall-effect  in  a  disc  exactly 
similar  to  the  one  used  for  the  Corbino-efiFect.  The  experimental  method 
used  was  that  described  by  Adams  and  Chapman  [Abs.  120  (1916)] .  With 
bismuth,  both  effects  decrease  very  quickly  with  increasing  field,  the  Corbino- 
efiFect  the  more  rapidly.  Various  authors,  among  them  v.  Ettingshauscn  and 
Nernst,  have  found  the  sign  of  the  Hall-effect  in  certain  Bi-Sn  alloys  to 
be  reversed  with  increasing  field.  With  a  Bi-Sn  alloy  containing  about  1  % 
of  tin,  the  author  finds  that  both  effects  decrease  rapidly  with  increasing 
field,  the  sign  being  that  of  the  effect  in  Bi ;  the  two  curves  are  nearly 
parallel,  the  Corbino-effect  being  the  smaller  and  falling  to  zero  at  H  =  8910, 
where  the  Hall  coefficient  has  the  value  1660  referred  to  copper.  When  the 
alloy  contains  about  2  %  tin,  the  curves  arc  no  longer  parallel ;  the  Corbino- 
effect  has  a  value  4187,  and  the  Hall-effect  8000  times  that  of  copper  for 
a  field  of  260.  The  former  falls  off  the  more  rapidly,  crosses  the  Hall-effect 
curve  at  a  field  of  4260,  becomes  zero  at  a  field  of  7900,  and  reaches  a  value 
of  —291  at  9110  ;  on  the  other  hand,  the  Hall  curve  goes  to  zero  at  9826  and 
is  — 184  at  a  field  of  10,460.  It  is  regarded  as  certain  that  the  reversal 
obtained  in  the  Corbino  curve  is  not  due  to  the  coexistence  of  the  Hall  and 
Ettingshausen  effects.  Three  nickel  discs  of  different  thicknesses  were 
investigated,  the  results  showing  the  Corbino-effect  to  be  independent  of  the 
thickness  of  the  disc  employed. 

In  the  case  of  a  disc  of  Norway  iron,  a  remarkable  phenomenon  appeared 
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at  low  fields.  The  value  of  m/H  is  zero  up  to  a  field  of  about  760,  rises  to  a 
sharp  maximum  at  950,  falls  to  half  the  max.  value  at  1600,  and  then  decreases 
slowly  as  the  field  increases  to  10,000,  the  strongest  field  used.  When  the 
investigation  was  pursued  to  values  of  H  below  800,  the  Corbino-effect  was 
found  to  undergo  reversal ;  this  is  the  first  time  that  such  reversal  has  been 
observed  in  a  pure  metal.  T.  H.  P. 

1201.  Determination  of  the  Constant  of  a  Solenoid.  S.  R.  Williams. 
(Frank.  Inst.,  J.  182.  pp.  858-862,  Sept.,  1916.  Paper  read  before  the  Acad,  of 
Science,  Columbia,  Ohio,  Nov.,  1914.)— Describes  a  method  for  determining 
the  constant  (S)  of  a  solenoid  experimentally.  The  solenoid  is  arranged 
concentrically  with  a  standard  coil  (constant  G)  and  a  search  coil  connected 
to  a  ballistic  galvanometer  is  placed  at  their  common  centre.  The  solenoid 
and  standard  coil  are  first  connected  so  that  a  current  I  passes  round  them  in 
the  same  direction  and  the  throw,  d\,  of  the  galvanometer  is  observed  when 
the  current  is  broken.  The  current,  I,  is  then  reversed  round  one  coil  and  the 
throw  dt  observed  on  breaking.  Then,  S  =  G(dt  +  di)l(di  —  <<i).  The  advan-^ 
tages  of  the  method  are  that  it  is  not  necessary  to  know  the  inductive  area 
of  the  search  coil  nor  the  value  of  the  current  I ;  an  ammeter  is  only  required 
to  see  that  the  current  has  the  same  value  when  the  throws  are  observed.  As 
a  standard  the  coil  of  a  tangent  galvanometer,  preferably  of  the  Helmholtz 
type,  may  be  used.  The  author,  however,  recommends  a  solenoid  wound  on 
a  non-magnetic  "  Bakelite "  rod,  and  in  the  manner  described  by  Jenkins 
[Abs.  568  (1914)].  He  points  out,  however,  that  the  windings  in  solenoids 
are  usually  much  closer  at  the  centre  than  at  the  ends.  The  number  of  turns 
per  cm.  used  in  computing  the  constant  is  generally  obtained  by  dividing  the 
total  turns  by  the  length  of  the  solenoid.  There  is  then  a  discrepancy 
between  the  calculated  and  the  experimentally  determined  values.  If  the 
•number  of  turns  per  cm.  for  different  portions  of  the  coil  be  determined  and 
their  effects  upon  the  field  at  the  centre  be  separately  calculated,  then  the 
value  of  the  constant  measured  experimentally  differs  from  that  computed  by 
less  than  1  part  in  1000.  L.  L^ 

1292.  Effects  of  Magnetisation  on  the  Length  of  a  86-25  %  Nickel  SteeL 
A.  W.  Gray,  D.  H.  Sweet,  and  L.  W.  Schad.  (Phys.  Rev.  7.  p.  684, 
June,  1916.  Abstract  of  paper  read  before  the  Am.  Phys.  Soc.,  April,  1916.) — 
By  combined  magnetic  and  thermallreatment  between  the  temperatures 
^15°  and  800°  C.  a  permanent  increase  in  length  of  this  alloy  of  55  microns 
per  metre  was  obtained  at  room  temf>erature.  Considerable  elongation  had 
previously  taken  place  in  the  specimen.  This  length  change  is  in  the  same 
direction  ^s  that  produced  in  Guillaume's  ageing  process  but  is  far  more 
rapid.  Guillaume  found  that  a  hot  forged  bar  left  to  itself  at  room  tempera- 
ture for  18  years  showed  an  elongation  of  66  microns  per  metre. 

Measurements  of  linear  magnetostriction  at  temperatures  between  the 
same  limits  have  confirmed  and  extended  the  observations  of  Nagaoka, 
Honda,  and  Shimizu.  Complete  magnetostriction  cycles  showing  hysteresis 
have  been  taken  up  to  the  temperature  at  which  magnetostriction  vanishes.. 
Magnetic  elongations  exceeding  45  microns  per  metre  have  been  measured. 
This  appears  to  be  the  largest  longitudinal  magnetostriction  effect  observed 
for  any  substance.  L.  L.. 

1293.  Sensitive  Magnometer.  P.  E.  Shaw  and  C.  Haye».  (Phjrs.  Soc.^ 
Proc.  28.  pp.  298-800;  Disc.,  800-801,  Aug.,  1916.)— A  torsion  balance  of 
special  delicacy  designed  for  gravitation  measurements  has  recently  beea 
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described  by  Shaw  [Abs.  860  (1916)],  in  which  two  small  silver  balls  are 
hung  by  fine  wires  from  a  short  beam,  the  system  being  in  a  low  vacuum  of 
about  15  mm.  pressure.  In  the  course  of  heating  the  apparatus  it  was  found 
that  the  silver  balls  acquired  a  permanent  magnetisation  from  the  field  of  the 
helix  used  for  warming  up  the  chamber.  Experiments  were  then  made  with 
a  solenoid  oriented  with  its  axis  perpendicular  to  the  magnetic  axis  of  a 
silver  sphere,  and  readings  of  scale  deflections  made  for  various  currents  in 
the  solenoid,  and  for  various  distances.  Reference  is  made  to  the  work 
of  Honda  on  the  susceptibility  of  silver;  also  to  investigations  by  A.  P» 
Wills  and  Fleming  and  Dewar,  the  latter  at  low  temperatures  and  high  fields. 
This  torsion  balance  is  claimed  to  be  10^  times  as  sensitive  as  any  known  to- 
have  been  used  previously  in  this  kind  of  work.  The  magnetic  properties 
of  silver  are  ascertained  for  fields  as  weak  as  1-10  gauss.  The  material  used 
was  found  to  have  a  distinct  retentivity,  presumably  due  to  the  small  trace 
of  iron  impurity,  80  in  1,000,000.  Measurements  were  also  made  of  the 
relation  of  the  susceptibility  of  the  silver  to  the  field  used,  indicating  the 
di£Ferences  introduced  by  the  mixture  of  iron  and  silver  on  the  properties 
of  these  metals  when  used  separately.  It  is  suggested  that  the  apparatus 
furnishes  a  promising  means  of  making  a  systematic  investigation  of  the 
magnetism  of  feebly  magnetic  materials,  even  for  weak  fields.  C.  P.  B., 


RADIOGRAPHY  AND  ELECTRO  PHYSIO  LOGY. 

1294.  Radiologic  Dosimetry :  Theoretic  and  Experimental  Researches.  R- 
Ledouz-Lebard  and  A.  Dauvillier. '  (Comptes  Rendus,  168.  pp.  171-174,. 
Aug.  14, 1916.)— The  method  of  ^citing  Rontgen  tubes  previously  described 
[Abs.  726  (19l6)]  has  the  disadvantage  that  the  homogeneous  kathode  rays 
produced  give  rise  to  a  heterogeneous  radiation  so  that  the  analysis  of  the 
radiation  is  always  difficult  and  the  precise  dose  not  easy  to  determine.  It  is 
now  proposed  to  make  use  of  special  tubes  which  produce  a  monochromatic 
radiation  or,  at  least,  a  spectrum  composed  of  only  a  very  small  number  of 
rays.  A  diagram  of  a  tube  based  upon  principles  which  are  enunciated  is 
shown  and  briefly  described.  As  it  appears  probable  that  Rontgen  rays 
of  different  wave-length  do  not  possess  identical  therapeutic  properties 
a  series  of  tubes  of  this  class  would  make  it  possible,  in  each  clinical  case,  to 
choose  the  most  efficacious  radiation.  Since  continuous  ciurent  is  used  the 
working  conditions  are  definite,  and  so  the  radiologist  can  rely  upon  always 
obtaining  an  identical  radiation.  So  ,far  as  the  dose  is  concerned  the  only 
measures  required  to  be  made  are  the  intensity  and  the  time.  A.  £.  G* 

1295.  Induction  Coil  utilising  the  Inverse  Current.  A.  C.  Gunstone. 
(Rontgen  Soc,  J.  12.  pp.  62-66  ;  Disc,  65-67,  July,  1916.)— The  induction  coil 
used  is  provided  with  two  primary  windings  with  a  central  tapping,  and  the 
Hg  interrupter  is  fitted  with  four  contacts  so  arranged  that  when  the  jet 
leaves  one  contact  and  passes  on  to  the  next  contact,  the  current  flowing 
in  one  primary  winding  is  broken,  and  then  made  agam  in  the  other  winding* 
The  iron  core  is  thus  carried  through  a  complete  cycle  of  positive  and 
negative  magnetisation.  Oscillograms  taken  with  the  oscilloscope  are 
reproduced  showing  the  effect  of  the  arrangement  on  the  impulses.  In 
the  discussion,  the  author's  device  was  unfavourably  criticised  by  several 
speakers,  it  being  pointed  out  that  the  inverse  current  .was  undesirable ;  and 
this  the  Author  admitted,  only  he  had  found  it  easier  tt>  utilise  the  inverse 
current  than  to  eliminate  it.  L.  H.  W. 
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1296.  Fads  and  Conclusions  on  the  Number  and  Mode  of  Union  of  Electrons 
in  the  Hydrogen  Atom.  J.  Stark.  (Ann.  d.  Physik,  60.  2.  pp.  58-88,  June  16, 
1916.) — This  very  comprehensive  paper  is  divided  into  eight  sections.  The 
£rst  deals  exhaustively  with  the  present  standpoint  of  chemists  and  physicists 
on  the  problem  of  atomic  structure.  The  second  part  treats  of  ionisation  and  . 
chemical  union  of  tjie  hydrogen  atom.  The  latter  is  found  capable  of  assum- 
ing different  equilibrium  conditions,  e.g.  as  a  neutral  atom,  as  a  positive  atomic 
ion,  as  a  negative  atomic  ion,  and  as  a  constituent  of  a  chemical  molecule. 
These  facts  favour  the  supposition  that  the  vibration  of  the  electrically 
charged  parts  of  the  hydrogen  atom  possess  different  frequencies  in  the 
different  states,  and,  that  the  spectra  of  the  hydrogen  atom  will  in  con- 
sequence also  differ  from  each  other.  Three  distinct  spectra  have  been 
determined  with  certainty  :  (1)  The  series  spectrum  which  includes  the  well- 
known  lines  of  the  Balmer  series  in  the  visible  part ;  (2)  the  band  spectrum 
which  in  the  visible  and  especially  in  the  blue  and  ultra-violet  regions 
possesses  numerous  lines,  some  apparently  irregular  and  others  of  a  banded 
character  ;  (8)  the  Schumann  spectra  which  comprises  very  numerous  lines 
between  1600  and  1000  A.  in  the  extreme  ultra-violet.  The  above  are  dealt 
with  in  Part  III  which  considers  the  various  hydrogen  spectra  and  their 
carriers.  The  fourth  and  fifth  sections  investigate  the  number  and  mode 
of  arrangement  of  the  electrons  in  the  H  positive  atomion  and  the  neutral 
hydrogen  atom  respectively.  Part  VI  is  a  study  of  the  velocity  of  the  hydro- 
gen electrons.  Here  it  is  shown  why  the  velocities  of  chemical  reactions  in 
which  the  valency  electrons  play  the  leading  role  are  functions  of  the  tem- 
perature. Part  VII  deals  with  elementary  regularities  in  the  hydrogen  series, 
and  the  connection  between  the  various  components.  Finally  Part  VIII 
considers  the  deformation  of  atomic  structure.  H.  H.  Ho. 

1297.  Volatilisation  of  Platinum.  G.  K.  Burgess  and  R.  G.  Walten- 
t>crg.  (Bureau  of  Standards,  Bull.  18.  pp.  866-^78,  1916  fSci.  Papers, 
No.  280].)— Further  experiments  [see  Abs.  1625  (1914),  1849  (1916)]  show  that 
platinum  ware  in  the  form  of  crucibles^of  whatever  degree  of  purity  behaves, 
with  respect  to  gain  or  loss  of  weight,  on  heating  in  air  at  ordinary  atmo- 
spheric pressure  in  a  manner  characteristic  only  of  the  temperature  of 
heating.  Each  impurity,  such  as  Ir,  Rh,  or  Fe,  appears  to  exert  its  effect  on 
the  volatilisation  independently,  but  the  loss  on  heating  is  negligible  below 
900*^  with  crucibles  of  all  degrees  of  purity  containing  Ir,  Rh,  Fe,  and  Si  (up 
to  at  least  8  %  Ir).  Below  this  temperature  there  may  even  be  a  slight  gain 
in  weight  on  heating  Pt,  owing  to  the  Fe  diffusing  to  the  surface  and  under- 
going oxidation,  and  at  higher  temperatures  the  presence  of  Fe  will  lower  the 
volatilisation  loss  by  amounts  depending  on  the  quantity  of  Fe  present ;  there 
appears  to  be  no  platinum  made  which  does  not  contain  some  iron.  The 
volatilisation  of  platinum  containing  Rh  is  less  than  that  of  pure  Pt  at  all 
temperatures  above  900°.  The  volatilisation  of  Pt  containing  Ir  is,  above  900^, 
very  much  greater  than  that  of  pure  Pt,  and  increases  with  the  content  of  Ir 
and  with  rise  of  temperature.  Over  the  temperaturd-range,  700-1200®, 
the  order  of  heating — rising  or  falling  temperatures — appears  to  make  no 
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appreciable  di£Ference  to  the  volatilisation.  In  an  oxidising  atmosphere  at 
temperatures  of  the  order  of  1000°  platinum  in  presence  of,  but  not  in  contact 
with,  silica  appears  to  take  up  small  quantities  of  this  substance. 

The  loss  in  crucible  weight  due  to  the  solution  of  matter  in  hydrochloric 
acid  after  heating  is  variable  and  depends  on  the  crucible,  but  may  be  large ; 
this  loss  is  relatively  greater  at  low  than  at  high  temperatures.  All  of  the 
above  losses,  caused  by  heating,  treatment  with  acid,  and  di£Fusion  of  the 
iron,  apparently  continue  with  undiminished  magnitude  after  the  first  treat- 
ment, which  is  usually  erratic ;  eventually,  of  course,  the  concentration  of  Fe, 
^tc,  must  become  appreciably  lessened.  T.  H.  P. 

1298.  Carbides  of  Aluminium^  Nickel,  and  Copper,  E.  Brlner  and  R. 
Senglet.  Qourn.  Chim.  Phys.  18.  pp.  861-876,  Nov.  15,  1916.)— Part  of  an 
investigation  of  chemical  kinetics,  beginning  with  calcium  carbide,  and 
concerning  the  formation  of  the  carbides  from  the  elements  and  their  de- 
composition. The  carbide  A]4Cs  is  studied  in  a  resistance  furnace,  a  tube 
of  Berlin  porcelain  wound  with  nichrome  wire  ;  for  working  in  a  vacuum,  a 
tube  of  syloxide  (impure  silica)  is  pushed  into  the  furnace  tube.  The 
reaction  AI4C3 — >Al4-f  Ci  is  quite  reversible ;  the  compound  is  exothermic, 
but  the  reactive  velocity  has  not  been  determined  as  the  decomposition  is 
irregular.  When  the  carbide  is  heated  in  air,  COi  and  AltOs  are  formed  ;  in 
vacuum  dissociation  takes  place,  but  some  suboxide  seems  to  be  formed  and 
some  Al  to  disappear.  Oxidation  probably  following  dissociation  is  observed 
at  640^  already,  and  at  lower  temperature  decomposition  is  more  rapid  in  air 
than  in  a  vacuum  ;  at  900°  the  vacuum  reaction  is  the  more  rapid.  The 
nickel  carbide  NisC  was  formed  by  heating  the  elements  above  1560°,  the 
melting-point  of  nickel,  and  quenching  the  product  in  cold  water.  Heating 
of  the  mixture  in  a  Meker  burner  at  1600°  and  at  1600°  hardly  changed  the 
microstructure  of  the  fused  mass  unless  the  heating  to  1600°  was  continued 
for  4  hours ;  the  optimum  temperature  for  the  formation  is  found  to  be 
^100°,  as  Ruff  and  Martin  had  observed,  when  the  reaction  is  completed  in  a 
few  minutes.  Continued  heating  dissociates  the  carbide  slowly  at  900°, 
rapidly  at  1600°.  The  formation  of  the  carbide  is  endothermic,  but  the 
reaction  becomes  exothermic  at  high  temperature.  When  nickel  and  carbon 
are  probably  both  in  the  gaseous  atomic  state,  the  formation  at  2100°  may 
already  be  exothermic.  The  experiments  with  copper  and  carbon  were 
inconclusive;  the  elements  seem  to  form  an  endothermic  carbide  in  a 
Moissan  furnace,  but  it  dissociates  again.  H.  B. 

1299.  Manganese '  Bismuth  Allays,  £.  Bekier.  (Internat.  Zeits. 
Metallog.,  7.  pp.  88-92, 1916.) — ^The  experiments  were  made  with  the  purest 
manganese  obtainable,  which,  however,  contained  1*6  %  Fe  and  1*6  %  Si. 
The  author  finds  that  powdered  Mn  is  dissolved  by  Bi,  when  fused  in  unglazed 
porcelain  in  a  reducing  atmosphere,  leaving  the  impurities  behind,  and  that 
pure  Mn  (freed  from  Bi  by  heating  or  by  treatment  with  boiling  mercury) 
can  be  prepared  in  this  way  ;  but  he  does  not  speak  of  experiments  with  this 
pure  Mn.  Large  percentages  (70  at.  %)  of  Mn  are  soluble  in  Bi  (the 
converse  does  not  hold).  There  is  a  eutectic  point  close  to  pure  Bi,  and 
crystals  of  a  compound  have  been  obtained,  but  its  composition  (intermediate 
between  MntBi  and  MnBi)  has  not  been  settled.  Reference  is  made  to  the 
Berlin  dissertations  of  Wedekind  and  of  Dieckmann  (both  1911).  H.  B. 

1300.  Contribution  to  the  Study  of  the  Cementation  of  Iron,  S.  A. 
Fechtchenko-Tchopovsky.    (Rev.  de  la  Soc.  russe  de  MetalL  1.  pp.  245- 
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810, 1914.  Rev.  de  Met.  12e.  pp.  618-522,  Dec.,  1916.)— The  author'  has  made 
a  study  of  the  cementation  of  soft  steel  by  various  carburising  materials  at 
different  temperatures.  In  the  preparation  of  wood  charcoal  for  cementation 
purposes  the  best  material  is  obtained  from  hard  woods  by  carbonising  at 
400^  C.  for  4  hours.  Its  grain  size  should'not  exceed  8  mn.  The  carbonising 
of  wood  charcoal  is  a  function  of  the  duration  of  the  operation,  but  diminishes- 
rapidly  with  the  progress  of  the'  cementation.  Counting  from  the  time  the 
article  attains  the  proper  temperature,  10  hours  is  the  max.  useful  time  at 
lOOOP  C.  Addition  of  lampblack  or  leather  does  not  serve  any  useful  purpose,, 
but  often  has  a  derogatory  efiEect  on  the  cementation.  The  operation  of 
cementing  is  carried  out  through  the  medium  of  the  gas  CO.  Carbonising 
is  most  expeditiously  affected  at  a  temperature  of  900°  C.  Below  this 
temperature  the  operation  is  too  slow  to  be  economical,  and  at  higher  tem- 
peratures the  structure  of  the  metal  becomes  very  coarse.  Addition  of  lithium 
carbonate,  sodium  carbonate,  oxalate  and  acetate,  potassium  carbonate,, 
tartrate,  chromate,  ferri-cyanide,  etc.,  and  barium  carbonate  strongly  increase 
the  rate  of  carbonisation  when  added  to  wood  charcoal.  They  have  a 
tendency  to  produce  a  peripheral  layer  of  free  cementite.  Strontium  and 
cobalt  carbonates  increase  the  rate  of  cementation,  while  sodium  and 
potassium  sulphates  and  chlorides  retard  the  progress  of  the  operation.  A 
table  is  drawn  up  showing  the  relations  between  the  rate  of  cementation,, 
temperature,  and  time  of  the  operation  when  using  a  mixture  of  7  of  charcoal 
to  8  of  sodium  carbonate.  F.  C.  A.  H.  L.. 

1301.  The  PseudO'Eutectic  Temperature  of  Iron-Carbon  Alloys.  O.  Ruff 
and  W.  Bormann.  (Ferrum,  12.  pp.  124-126,  June,  1916.)— In  agreement 
with  Howe  the  authors  call  the  true  eutectic  temperature  that  temperature  at 
which  iron  (in  the  form  of  mixed  crystals)  and  cementite  separate  solid  in 
the  same  proportions  in  which  they  had  existed  in  the  molten  mass,  whilst 
the  near-eutectic  (pseudo-eutectic)  temperature  is  that  at  which  the  liquid  is 
simultaneously  saturated  for  mixed  crystals  and  for  graphite.  When  pure 
iron-carbon  alloys  are  slowly  cooled,  mixed  crystals  of  iron  saturated  with 
cementite  and  of  graphite  separate ;  but  the  graphite  is  present  in  exceed- 
ingly small  quantities,  and  is  only  being  produced  by  the  decomposition  of 
cementite.  To  determine  the  pseudo-point,  hence,  a  start  has  to  be  made 
with  hyper-eutectic  alloys  containing  more  than  4*8  %  C,  and  the  cooling, 
should  be  such  that  any  separation  of  cementite  and  any  retardation  in  the 
graphite  separation  is  avoided  as  much  as  possible.  The  iron  of  the  authors 
contained  418  %  C,  0074  Si,  0*006  8,  002  P,  016  Mn,  and  0*006  %  Cu  ;  it 
was  melted  in  a  graphite  crucible  within  a  resistance  furnace  at  1260°.  The 
pseudo-eutectic  temperature  was  found  to  be  1188*8  ±  1®  C.  The  point  is 
slightly  lowered  by  the  presence  of  Mn,  and  raised  by  that  of  Si,  but  is  so 
sharply  defined  that  it  might  serve  as  a  standard  temperature.  H.  B. 

1302.  The  Iron-Carbon  Equilibrium  Diagram,  O.  Ruff.  (Ferrum,  12. 
pp.  121-128,  June,  1916.)— A  reply  to  H.  Howe  (Ibid.  11.  p.  170)  who  had 
misunderstood  the  author  on  three  points.  The  author  did  not  state  that,, 
on  the  equilibrium-concentration  being  exceeded,  the  whole  of  the  cementite 
should  become  metastable  and  tend  to  separate  with  subsequent  formation 
of  graphite.  It  is  only  the  cementite  in  solution  which  is  in  excess  of  the 
equilibrium-concentration  O.K.  that  separates,  this  going  on  until  saturation- 
concentration  S.K.  is  reached.  The  other  points  concern  the  eutectic 
temperature  and  calculations,  as  to  which  the  author  follows  Gistowsky,  and 
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iurther  the  indication  of  the  G.K.  line  ;  the  author  marks  this  line  (and  not 
the  S.K.  line)  in  dashes,  although  he  knows  that  custom  is  against  him. 

H.  B. 

1803.  Metallographic  Studies,  Electrolytic  Copper.  M.  v.  Schv^arz. 
•(Internat.  Zeits.  Metallog.  7.  pp.  124-178,  I916.)--Having  accidentally  ob- 
tained remarkably  long  and  fine  copper  crystals  from  an  ordinary  bath  (acid 
sulphates)  by  dynamo  currents  of  0*6  to  6  amps./dm.'  on  graphitised  moulds, 
keeping  the  bath  perfectly  quiet  at  0°  to  7^  C,  the  author  investigated  the 
•conditions  of  crystallisation  and  methods  of  metallographic  study  by  photo- 
graphy, etching,  polishing,  influence  of  pressure,  age,  etc.  The  copper 
seemed  very  pure  (over  99  %  Cu),  although  technically  warm  baths,  well 
agitated,  are  recommended.  The  cr3rstals  are  twinned  octahedra,  whose 
structure  can  be  recognised  by  etching.  The  orientation  is  at  right  angles  to 
the  kathode  surface,  and  racUal  with  wire  kathodes.  The  grains  resulting 
from  etching  grow  to  several  hundred  times  their  size  on  annealing,  which 
also  leads  to  lamination ;  on  prolonged  heating  this  lamination  disappears 
again.  Polishing  parallel  to  the  kathode  surface  also  brings  out  the  crystal 
shape  ;  electrolytic  copper  crystals  are,  however,  very  sensitive  to  pressure, 
also  when  cut  with  the  finest  fret-saw  ;  the  pressure  influence  is  further  to  be 
studied.  The  boundaries  of  the  grains  need  not  be  in  the  amorphous  condi- 
tion ;'  the  substance  of  the  boundary  layers  is  little  able  to  resist  chemical  and 
thermal  influences.  T4ie  diagram  of  deformed  metals  does  not  indicate  the 
presence  of  any  amorphous  modification,  nor  does  the  oriented  growth  on 
polished  surfaces  support  this  assumption.  H.  B. 

1304.  Alumina  Inclusions  in  Steel.  A.  Sauveur.  (Met.  and  Chem.  Eng. 
16.  pp.  149-151,  Aug.  1,  1916.)— Examination  of  samples  of  thermit  iron, 
ingot  iron  melted  with  Al,  and  ingot  iron  melted  with  alumina,  has  entirely 
confirmed  the  conclusions  of  Comstock  [Abs.  898  (1916)].  It  seems  justifi- 
able, therefore,  to  distinguish  alumina  from  other  inclusions  which  occur  in 
steel  by  their  small  size,  their  dark  colouration,  and  more  especially  by  a 
complete  absence  of  elongation  in  the  direction  of  rolling  or  forging. 

.  F.  C.  A.  H.  L. 

1306.  Behaviour  of  Slag  Enclosures  in  Acid  Steel.  I.  Influence  on  the 
Structure  of  a  Nickel  Steel.  *  F.  Giolitti  and  S.  Zublena.  (Internat.  Zeits. 
Metallog.  7.  pp.  85-82,  1916.)— The  specimens  were  taken  from  two  ingots 
of  1  ton  each  of  an  acid  Siemens-Martin  steel,  containing  0*88  %  C,  0*60  Mn, 
0'22  Si,  0*008  S,  0*02  P,  and  2*02  %  Ni ;  also  from  a  very  similar  steel  of 
1"98  %  Ni.  Experiments  with  basic  steels  are  to  follow ;  but  the  authors 
accentuate  that  their  conclusions  so  far  concern^only  the  nickel  steel  studied. 
All  the  slag  enclosures  were  of  the  emulsified,  light-grey  type,  observed  within 
the  edges  of  the  ferrite  and  separated  from  the  pearlite  crystals.  Small 
prisms  of  the  steel,  heated  within  a  porcelain  tube  in  an  Heraeus  furnace  in  an 
atmosphere  of  CO  for  4  hours  at  1060^,  showed  a  slight  decarburisation,  and 
the  enclosures  were  no  longer  separated  from  the  i^^arlite  ;  in  other  words, 
the  threads  of  slag  grains  seemed  to  have  lost  their  orienting  influence  on  the 
ferrite.  When  the  specimens  were  heated  to  1100°  and  1190^,  the  slag  grains 
were  no  longer  surrounded  by  ferrite.  The  conclusion  drawn  from  these  and 
-other  experiments  is  that  the  slag  enclosures  act  as  centres  of  crystallisation 
lor  the  ferrite,  and  that  this  is  not  a  direct  physical  effect,  but  a  result  of 
chemical  reactions,  the  efiFect  being  due  to  the  di£Ferent  rates  of  the  oxidation 
and  reduction  processes  and  to  the  different  conditions  of  unstable  equilibrium 
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between  the  two  solid  phases— the  steel  and  the  slag  enclosures.  This  view  is 
in  accordance  with  the  fact  established  by  the  authors,  that  the  activity  of  the 
slag  with  respect  to  the  ferrite  can  be  altered  at  will  within  very  wide  limits^ 
and  can  be  made  to  disappear  and  to  reappear  several  times  in  the  same^ 
specimen.  }.  E.  Stead  suggested  in  1909  that  moderate  amounts  of  certain 
slag  enclosures  need  not  affect  the  mechanical  strength  of  a  steel.  The 
authors  go  further,  and  believe  that  suitable  thermal  treatment  can,  wholly 
or  partly  at  any  rate,  eliminate  the  injurious  effects  of  slag  enclosures. 
References  are  made  particularly  to  W.  Rosenhain  and  to  Hibbard  and 
Oberhoffer.  H.  B. 

1806.  Titatiium,  Vanadium,  and  Nitrogen.  Influence  of  Vanadium  anS 
Titanium  on  the  Nitrogen  Content  of  Iron  and  its  Alloys,  N.  Tcbigevsky 
and  N.  Blinow.  (Rev.  de  la  Soc.  russe  de  Metali.  1.  pp.  686-646,  1914^ 
Rev.  de  M6t.  12b.  pp.  478-475,  Dec,  I915.)--The  detrimental  effect  of 
nitrogen  on  the  mechanical  properties  of  iron  and  its  alloys  is  indisputable. 
It  has  been  afiBirmed  that  certain  elements  including  V  and  Ti  form  nitrides 
which  are  insoluble  in  iron,  and  can  therefore  be  used  as  nitrogen  eliminators. 
The  author  has  made  an  exhaustive  study  of  the  nitrides  of  these  two  elements^ 
and  has  shown  that  it  is  impossible  for  them  to  act  as  nitrogen  eliminators, 
because  not  only  do  the  nitrides  possess  a  large  temperature  range  of  stability, 
but  in  addition  they  are  very  soluble  in  iron.  In  fact,  the  presence  of  these 
two  elements  is  liable  to  increase  the  nitrogen-content«of  iron  and  steeL  In 
order  to  confirm  these  results  a  Bessemer  steel  containing  0*0106  %  nitrogen 
was  melted  with  1  %  ferro- vanadium.  The  product  was  found  to  contain 
0O68  %  nitrogen.  F.  C.  A.  H.  L, 

1807.  Corrosion  of  Metals :  Third  Report  to  Corrosion  Committee  of  Institutc^ 
of  Metals,  W.  £.  Gibbs,  R.  H.  Smith,  and  G.  D.  Bengough.  (Inst  of 
Metals,  }.  16.  pp.  87-168  ;  Disc,  and  Corres.,  164-191, 1916.  Engineering-,  101. 
pp.  811-812,  March  81, 1916.)— This  lengthy  monograph  deals  with  the  subject 
under  numerous  headings  entitled  :  Experiments  with  stagnant,  with  un- 
diluted, and  with  aerated  sea-water ;  Coke  and  corrosion ;  Influence  of  sur« 
face  condition  ;  Corrosion  in  solutions  other  than  sea- water  ;  Experiments  on 
the  mechanism  of  corrosion  ;  Bearing  of  the  results  upon  practical  conditions. 

The  authors'  sfimmary  alone  occupies  ten  pages,  and  it  is  therefore  impos- 
sible to  do  more  than  direct  the  reader's  attention  to  this  continuation  of  the 
earUer  work  [see  Abs.  1467  (1914)].i  L.  H.  W. 

1308.  New  Thermoelectric  Method  of  Studying  Allotropic  Changes  in  Iron  or 
other  Metals,  C  Benedicks.  (Iron  and  Steel  Inst,  }.  98.  pp.  211-220 ;. 
Corres.,  221-228, 1916.  Mech.  Eng.  87.  pp.  406-408,  May  26, 1916.  Engineer- 
ing, 101.  pp.  688-684,  June  80, 1916.)— [See  Abs.  626  (1916).] 

1300.  Some  Problems  in  Physical  Metallurgy  at  the  Bureau  of  Standards^ 
G.  K.  Burgess.    (Frank.  Inst,  J.  182.  pp.  19-86,  July,  1916.)— Deals  with  the^ 
particular  problems  that  Itove  been  and  are  still  being  attacked  at  the  Bureau 
of  Standards,  the  view  being  taken  that  a  considerable  number  of  these  will 
be  solved  within  a  reasonable  time.  L.  H.  W. 

1810.  Decomposition  Potentials  of  Fused  Alkali  Hydroxides,     B.  Neu- 
mann and  £.  Bergve.    (Zeits.  Elektrochem.  21.  pp.  148-162,  April  1,. 
1916.)— The  absolute  potentials  of  K  and  Na,  calculated  from  the  heat  of 
formation  of  their  chlorides,  are  8*1  and  2*7  volts  according  to  Wilsmore.. 
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Indirect  potential  measurements  (Lewis)  gave  K  2*98  and  Na  2*72,  whilst  the 
electrolysis  of  fused  alkali  salts  (various  authorities)  suggested  that  K  was 
always  more  electropositive  than  Na,  but  more  so  at  high  than  at  low  tempera- 
tures. The  authors  find  that  the  combination  Na  j  NaOH  fused  |  Ni  in  nickel 
crucibles  gave  1*4  volts,  the  K-couple  similarly  1*76  volts,  from  which  the  poten- 
tials Na  I  NaOH  =2-0  volts  and  K  |  KOH  =  2-36  volts  would  follow  at  820^. 
The  combination  Na  |  NaOH  |  KOH  |  K,  yielding  0-84  to  0*88  volt,  was  also- 
tried  ;  but  all  these  experiments  were  not  satisfactory.  They  studied,  there- 
fore, the  decomposition  of  the  fused  hydroxides  under  different  conditions^ 
in  presence  of  air,  with  addition  of  peroxide,  in  a  nitrogen  atmosphere,  and 
in  molecular  mixtures  of  the  two  hydroxides  both  in  air  and  in  nitrogen- 
When  working  in  air,  the  potential  curves  for  the  two  hydroxides  were  not 
parallel,  probably  because  K  peroxide  is  formed  during  the  electrolysis  ^ 
peroxide  was  therefore  added  to  the  NaOH  ;  then  the  curves  become  nearly 
parallel ;  this  parallelity  was  maintained  in  mixtures  of  the  two  hydroxides,  alsa 
in  nitrogen  atmospheres.  Experiments  with  lithium  hydroxide  (not  pure,, 
nor  free  from  water)  failed  to  give  any  metallic  lithium,  even  in  nitrogen 
atmosphere,  and  the  potential  observed  was  that  of  the  decomposition  of 
water;  the  lithia  attacked  the  Ni  more  than  the  other  caustics  did.  The 
following  are  the  final  values  for  the  decomposition  potentials  at  various- 
temperatures  : — 


180°. 

flOP. 

805O. 

885°. 

SQOo. 

630O. 

64a>. 

NaOH 

KOH  

2-88 

2-82 
2-4 

226 
2-86 

2-22 
2-4 

2-05 
2-25 

1-62 
1-8 

1-82  volts 

Thus  the  potential  difference  K  |  Na  seems  to  be  0*18  (or  0*16)  volt,  inde* 
pendent  of  temperature.  There  is  a  decided  change  in  the  temperature 
coefficients,  and  hence  in  the  curves,  at  886^  To  explain  the  peculiarities 
the  authors  suggest  that  the  depolarisation  by  oxygen  is  more  important  in 
the  case  of  potassium,  but  only  below  490°  or  440° ;  at  lower  temperatures 
mists  of  metal-vapour  and  suboxides  may  play  a  part.  The  solubility  of  the 
metal  in  the  fused  mass  also  enters  ;  in  the  case  of  Na  this  solubility  becomes 
pronounced  at  886° ;  hence  the  electrolysis  of  caustics  for  sodium  (Castner) 
is  technically  conducted  below  886^.  The  investigation  also  shows  why 
mixtures  of  the  two  caustics  yield  only  alloys  of  the  two  metals.       H.  B^ 

1311.  Decomposition  Potentials  of  Fused  Alkali  Haloids  and  Alkaline- 
earth  Chlorides.  B.  Neumann  and  E.  Bergve.  (Zeits.  Elektrochem^ 
21.  pp.  162-160,  April  1,  1916.)— The  experiments  were  made  in  crucibles 
of  hard  carbon,  coated  inside  and  outside  with  a  mixture  of  water-glass  and 
powdered  asbestos;  porcelain  cracked,  and  nickel  was  destroyed  by  the 
chlorides.  The  electrodes  of  Acheson  graphite  were  similarly  coated  and 
also  the  copper  leads.  The  experiments  concern  LiCl,  the  chlorides^ 
bromides,  and  iodides  of  K  and  Na  and  some  mixtures  of  these  salts,  further 
the  sulphates  and  sodium  carbonate ;  the  salts  of  the  alkaline  earths  used 
are  the  chlorides  and  further  MgS04.  As  regards  the  haloids  (both  alkali  and 
alkaline-earth),  all  the  decomposition  potentials  lie  on  straight  lines.  As  the 
temperature  coefficients  of  all  the  K  and  Na  salts  examined  were  of  the  same 
order,  1*6  X  lO"*,  those  curves  were  all  parallel ;  the  potential  difference 
K4  Na  seems  to  be  0*16,  independent  of  temperatures  [see  preceding  Abs.]. 
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The  temperature  coefficients  of  the  metals  of  the  alkaline-earths  are  smaller, 
1>eing  of  the  order  0*7  X  10-* ;  hence  the  curves  for  the  alkalies  and  the 
alkline-earths  intersect,  e^.  the  CaCls  curve  cuts  the  NaCl  at  750°;  the 
potentials  of  the  alkaline-earth  metals  are  certainly  at  high  temperatures, 
more  electro-positive  than  potassium,  and  the  series  appear  reversed ;  that 
-would  account  for  the  contradictory  observations  of  various  experimenters. 
The  p.d.'s  between  chlorine,  bromine,  and  iodine  likewise  seem  to  be  indepen- 
dent of  temperature,  and  as  a  consequence  the  temperature  coefficient  appears 
to  be  characteristic  for  the  groups  of  the  periodic  system.  As  the  curves  of 
the  decomposition  potentials  rapidly  descend  with  rising  temperature,  the 
affinities  between  the  elements  would  tend  to  vanish  at :  LiCl,  2950°  ;  NaCl, 
1i640°  ;  KCl,  2720°  ;  NaBr,  2440°  ;  NajSO*,  2000";  K,S04,  2169°,  etc.  The  cal- 
-culations  from  the  second  law  of  thermodynamics  yield  for  the  absolute 
potentials  at  room  temperature  :  Li  2'08,  Na  2*44,  K  2*60  volts.  Some  of  the 
observed  decomposition  potentials  in  volts  are  :  LiCl,  2*62  (680°) ;  NaCl,  26 
<886°) ;  KCl,  28  (810°)  ;  NaBr,  245  (690°) ;  KBr,  2*6  (690°) ;  KI,  2-2  (680°) ; 
KfSO*,  2-6  (890°) ;  CaCl,,  285  (585°) ;  SrCl,,  8  (615°) ;  BaCl,,  805  (650°). 

H.  B. 

1312.  Micro  Electro-analyses,  £.  H.  Riesenfeld  and  H.  F.  Mdller. 
<Zeits.  Elektrochem.  21.  pp.  187-148,  April  1, 1915.)— A  description  of  a  first 
series  of  determinations  made-  by  the  authors  with  their  microbalance  [see 
Abs.  1181  (1916)]  and  interrupted  by  the  war.  In  the  analysis  of  copper, 
silver,  mercury  6  mgm.  could  be  determined  per  litre  within  0*5  %.  That 
no  higher  accuracy  could  be  obtained  was  due  chiefly  to  the  difficulties  of 
securing  electrodes  of  constant  weight,  the  weight  of  the  Pt  electrodes  used 
fluctuating  within  those  limits  owing  to  gas  films  and  possibly  to  formation 
-of  oxides  and  hydrides.  The  other  sources  of  *error,  such  as  impurities  of 
reagents  (lead  in  the  sulphuric  acid ;  impurities  in  ordinary  alcohol  making  it 
unfit  for  washing),  attack  of  the  Pt  anode  by  cyanide  (negligible  in  ordinary 
analysis,  but  vital  in  micro-analysis),  incomplete  and  spongy  deposition  of  the 
metal,  etc.,  were  overcome.  The  deposit  must  be  left  in  the  solution,  and  the 
electrolyte  be  displaced  by  water  without  breaking  the  circuit.  The  quan- 
titative analjrses  are  slow,  the  copper  determination  requiring  16  hours 
without  stirring,  at  least  2  hours  with  stirring.  •  The  kathode  is  best  made 
of  coiled  wire  not  more  than  001  mm.  in  thickness.  Particulars  are  given 
of  the  determination  of  copper  (in  2-N  nitric  acid,  2  volts,  10  milliamps., 
•90°  C),  silver  (same  acid  and  alcohol,  1-85  volts,  4  milliamps.,  50°  C), 
mercury '(same  acid,  8  volts,  10  milliamps.,  0°  C).  H.  B. 
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1313.  Wollaston  Wire.  C.  Benedic^ks.  (Phys.  Zeits.  17.  pp.  819-822, 
July  15, 1916.)— Describes  in  detail  a  method  of  obtaining  the  finest  Wollaston 
wire.  After  drawing  out  the  wire  as  fine  as  possible,  it  is  attached  to  a  fine 
Pt-wire  and  heated  for  a  short  time  to  about  20(f-400°  C.  The  wire  is  then 
immersed  in  hot  concentrated  nitric  acid  for  an  instant  to  dissolve  the  silver 
coating.    With  this  method  wires  of  about  0*5  il  can  be  obtained.  A.  W. 

1314.  Comparison  of  Aneroid  and  Mercury  Barometers,  W.  Q.  Duffield. 
(Engineering,  102.  p.  847,  Oct.  18,  1916.  Paper  read  before  the  British 
Assoc) — Describes  a  comparison  between  readings  of  a  standard  marine 
mercury  barometer  and  a  compound  aneroid  barometer  on  voyages  to  and 
from  Australia,,  in  order  to  obtain  values  of  gravity  over  the  ocean.  For 
gsspjhp,  where  g  is  gravity,  f  is  pressure  as  determined  by  the  aneroid,  h  is 
the  height  of  the  mercury  barometer,  and  p  is  the  density  of  the  mercury. 
The  results,  which  are  offered  with  reserve,  suggest  a  decree  of  gravity 
over  the  deep  Indian  Ocean,  contrary  to  the  theory  of  isostasy.  R.  C. 

1316.  On  Einstein*s  Equivalent  Hypothesis  and  Gravitational  Theory.  F. 
Rottler.  (Ann.  d.  Physik,  60.  8.  pp.  955-972,  Sept.  5,  1916.)— In  previous 
work  [see  Abs.  1484  (1914)  and  897  (1915)]  the  question  of  relative  acceleration 
or  the  possibility  of  the  concealment  of  an  accelerated  motion  has  been 
discussed  by  the  author.  As  this  possibility  lies  ^t  the  basis  of  Einstein's 
equivalent  hypothesis,  the  author  now  develops  it  in  connection  with  gravita- 
tional theory.  His  paper  is  divided  into  the  following  nine  Sections :  (1) 
Limits  of  the  acceleration  relativity  based  upon  the  author's  previous  work. 
(2)  The  Einstein  equivalent  hypothesis  only  admissible  for  the  case  of  falling 
motion.  (8)  The  Einstein  result  of  falling  motion  derived  from  acceleration 
relativity  (generalised  Lorentz  transformation).  (4)  Derivation  of  the  homo- 
geneous gravitational  field  from  the  equivalence.  Gravity  as  an  inertia 
phenomenon.  (5)  Arguments  for  the  retention  of  the  equivalence  hypothesis. 
(6)  The  field  equation  for  the  homogeneous  field  on  the  basis  of  the  equiva* 
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lence  hypothesis.  (7)  Two  hypotheses  for  the  extension  of  the  general  case  : 
(a)  Isotropy  of  the  field.  (6)  Euclidean  nature  of  space.  (8)  The  field  of 
the  mass  point  on  the  basis  o^  the  equivalence  hypothesis.  The  differential 
equation  of  the  field.  The  homogeneous  field  as  a  special  case.  Intimations 
as  to  still  more  general  cases.  (9)  Comparison  with  the  recent  Einstein 
theory.  H.  H.  Ho. 

1316.  The  Field  of  a  Single  Centre  in  Einstein's  Theory  of  Gravitation,  and 
the  Motion  of  a  Particle  in  that  Field.  J.  Droste.  (K.  Akad.  Amsterdam, 
Proc.  19.  pp.  197-215, 1916.)— In  two  previous  communications  [see  Abs.  285 
(1916)]  the  author  has  described  a  method  for  the  calculation  of  the  field  of 
one  as  well  as  of  two  centres  at  rest,  with  such  a  degree  of  approximation 
as  to  account  for  all  observable  phenomena  of  motion  in  these  fields.  As  a 
starting-point  for  this,  Einstein's  equations  published  in  1918  were  taken. 
Einstein  has  now  succeeded  in  forming  equations  which  are  covariant  for  all 
possible  transformations,  and  by  which  the  motion  of  the  perihelion  of 
Mercury  is  entirely  explained.  In  consequence  the  author  now  makes  the 
calculation  of  the  field  from  the  new  equations,  and  commences  by  taking  the 
field  of  a  single  centre  at  r^t.  This  field  is  investigated  completely  and  not, 
as  before,  confined  to  the  terms  of  the  first  and  second  order  only.  Following 
this  comes  the  investigation  of  the  motion  of  a  body  so  small  that  it  does 
not  produce  any  observable  change  in  the  original  field.  H.  H.  Ho. 

1317.  On  the  Analysis  of  Oscillating  Drops  by  means  of  Vortex  Rings,  V. 
Kutter.  (Phys.  Zeits.  17.  pp.  424-429,  Sept.  15,  1916.)— The  paper  is 
divided  into  three  sections.    The  first  examines  the  production  of  vortices  by 

^  means  of  falling  drops.  If  liquid  drops  be  allowed  to  fall,  not  too  quickly, 
into  another  liquid  from  small  heights  varying  from  a  few  mm.  to  several  cm., 
then  vortex  rings  are  produced  which  f>enetrate  more  or  less  deeply  into  the 
liquid  according  to  the  height  fallen.  The  phenomenon  is  made  more 
visible  by  the  use  of  coloured  fluids,  e,g,  a  solution  of  potassium  permanganate 
dropping  into  one  of  a  ferrous  salt ;  in  this  case  the  vortex  ring  only  disappears 
when  its  reduction  by  the  ferrous  salt  is  accomplished.  The  author  also 
shows  how  colourless  drops  may  be  observed  to  produce  their  rings.  It 
might  be  opined  that  the  rings  penetrate  deeper  the  greater  the  fail  of  the 
drops,  but  this  is  shown  to  be  by  no  means  the  case,  the  depth  Qf  penetration 
being  found  to  vary  periodically  with  the  increasing  height  of  fall,  i,e.  the 
penetration  de^th  is  a  periodic  function  of  the  time  of  fall.  Section  II  deals 
with  the  determination  of  the  surface  tension  by  vortex  rings,  and  the  author 
shows  how  these  offer  a  simple  ^means  for  analysing  the  movements  of 
oscillating  drops.  Experiments  are  described  in  which  vortex  rings  of  pure 
water  were  rendered  visible  by  a  very  dilute  hydrochloric  acid  solution  of 
antimony  trichloride,  this  causing  the  ring  to  assume  a  milky  to  white  appear- 
ance according  to  concentratioil.  Tables  are  given  of  the  surface-tension 
results  for  the  case  of  water.  Good  results  were  obtained  for  acids,  alkalies, 
and  salts,  theleby  demonstrating  the  utility  of  the  method.  A  full  description 
of  the  apparatus  used  is  given.  The  method  is  of  the  highest  value  for  the 
investigation  of  coloured  solutions  and  may  be  extended  indefinitely  by  the 
use  of  suitable  indicators.  Section  III  deals  with  the  analysis  of  the  oscilla- 
tions, and  Section  IV  with  the  interpretation  of  the  vortex  rings.  Interestii^ 
experiments  are  described  and  the  opinion  expressed  that  here  may  be  an 
experimental  means  of  establishing  the  Helmholtz-Kelvin  theory  of  vortex 
atoms.  H.  H.  Ho. 
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1318.  Air-resisiance  to  Spheres.  R.  Seeliger.  (Phys.  Zeits.  17.  pp.  419- 
428,  Sept  15, 1916.) — Deals  with  the  air-resistance  to  balloons  approximately 
spherical  as  experienced  in  their  )ipward  motion.  The  equation  of  motion 
is  written  m .  cPxIdi?  =  A  ---fidxldt,  K),  where  A  is  the  external  force 
(buoyancy  minus  total  weight),  and  /  denotes  a  function  of  the  velocity  and 
of  K,  which  latter  is  a  quantity  dependif>g  on  the  various  geometries^  and 
physical  constants  involved.  This  function  is  afterwards  put  as  the  product 
of  three  functions,  namely  :  fr{p)  .  a(V) .  ^//(f).  Of  these,  the  first  function 
Mp)  involves  the  physical  constants  viscosity,  roughness  of  the  surface,  etc. 
The  second  function  a(V)  depends  on  the  volume  V  of  the  balloon.  The 
third  i^v)  depends  on  the  velocity  v  of  the  balloon.  From  certain  obser. 
vations  it  is  inferred  that  a(V)  =  2-07V^/»  +  V«»  and  i;/(f)  =  2-24v  + 1;»  for 
the  cases  in  question.    Other  results  are  given  in  the  form  of  graphs. 

E.  H.  B. 

1319.  The  Local  Circulation  of  the  Atmosphere.  W.  H.  Dines.  (Monthly 
Weather  Rev.  44.  pp.  182-186,  April,  1916.)— Gives  mean  values  of  air  tem- 
perature over  England  at  different  heights  under  cyclonic  and  anticyclonic 
conditions^  showing  that  from  1  km.  to  9  km.,  or  up  to  the  top  of  the 
troposphere,  temperature  is  lower  than  the  average  over  a  cyclone  and 
higher  than  the  average  over  an  anticyclone.  Consequently  the  low  pressure 
of  a  cyclone  is  not  due  to  the  warmth,  and  hence  the  lightness,  of  the  over- 
lying air.  Pressure  is  low  in  spite  of,  and  not  because  of,  the  temperature 
distribution.  Another  fundamental  difference  between  cyclone  and  anti- 
cyclone is  that  the  stratosphere  is  at  a  low  altitude  in  the  former  and  at  a 
high  one  in  the  latter.  Above  10  km.  the  temperature  conditions  are 
reversed — there  the  cyclone  is  warmer  and  the  anticyclone  colder  than  the 
average  temperature  for  the  height. 

It  is  impossible  to  account  for  these  results  by  the  agency  of  radiation,  for 
the  temperature  of  the  upper  air  is  known  sometimes  to  change  more  rapidly 
under  pressure-changes  than  can  be  produced  by  the  effect  of  radiation.  But 
it  is  shown  that  the  above  properties  of  cyclone  and  anticyclone  can  be 
satisfactorily  accounted  for  by  the  d3mamical  heating  and  cooling  effects 
which  are  produced  by  changes  of  pressure  in  accordance  with  the^adiabatic 
formula,  ^T/T  =  029  ^P/P,  where  T  is  temperature  on  the  absolute  scale  and 
P  is  pressure.  If  it  be  allowed  that  changes  of  pressures  at  9  km.  are  the 
cause  of  the  phenomena,  then  the  observed  results  mentioned  above  and 
others  referred  to  in  the  paper  are  shown  to  follow  as  applications  of  this 
principle.  R.  C. 

1320.  Free  Air  Data,  Fort  Omaha  (Nebraska),  July,  1914.  W.  R.  Blair. 
(Monthly  Weather  Rev.  44.  pp.  247-264,  May,  1916.)— A  series  of  registering 
balloon  ascents  was  made  covering  the  period  July  1-22, 1914,  while  through- 
out the  27i  hours  from  12.80  p.m.  on  July  17  to  4*p.m.  on  July  18  an  ascent  was 
made  every  ^  hours.  The  latter  series  was  with  the  special  object  of  studying 
the  diurnal  variation  of  the  different  elements  up  to  great  heights.  It  is 
hoped  to  carry  out  further  series  of  this  kind  on  future  occasions.  The 
balloons  were  observed  through  two  theodolites  on  a  base  of  6088  m.,  and 
the  heights  thus  determined  trigonometrically  were  compared  with  those 
obtained  in  the  customary  way  from  the  recorded  pressure  and  temperature. 
The  individual  results  are  tabulated  and  mean  values  taken  which  show  a 
difference  of  about  1  %  up  to  17  km.  height.  Temperature-height  diagrams 
are  plotted  for  each  ascent.    The  2i-hourly  series  show  the  setting-in  of  a 
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temperature  inversion  near  the  surface  with  the  tiight  cooling  of  the  ground. 
With  the  advent  of  solar  heating  in  the  morning  the  normal  gradient  re-estab- 
lishes itself  in  the  lower  levels,  but  traces  of  the  inversion  tu-e  visible  at  about 
1  km.  height  until  the  following  afternoon.  Curves  showing  the  diurnal 
range  of  temperature  at  different  heights  exhibit  the  curious  fact  that  the 
range,  at  10  km.  height  was  greater  than  at  ground-level.  This  may  have 
been  due  to  a  considerable  change  of  absolute  humidity  which  was  taking 
place  during  the  period.  From  the  theodolite  observations  it  was  found  that 
taking  the  whole  series  of  ascents,  above  the  5  or  6  km.  level  a  steady 
westerly  wind  prevailed  up  to  about  16  or  16  km.,  while  above  20  km.  an 
increasing  easterly  current  was  found.  J.  S.  Di. 

1821.  Optical  Deterioration  of  the  Atmosphere  in  July  and  August,  1916. 
J,  Maurer.  (Nature,  98.  p.  90,  Oct.  5,  1916.)— From  observations  in  the. 
Swiss  Alps  of  the  sun's  aureole  and  of  twilight  phenomena,  it  appears  that  a 
remarkable  deterioration  in  the  optical  properties  of  the  atmosphere  occurred 
during  the  last  ten  dajrs  of  July  and  in  Aug.,  1916.  The  observations  obtained 
were  of  ^  similar  character  to  those  of  1888-4, 1902-8,  and  1912,  which  were 
associated  with  the  volcanic  eruptions  that  occurred  in  those  years.        R  C. 

1822.  The  Pyranometer:  an  Instrument  for  Measuring  Sky  Radiation. 
C.  G.  Abt>ot  and  L.  B.  Aldricb.  (Smithsonian  Misc.  Coll.  66.  7.  [9  pp.]. 
May,  1916.)— The  principle  of  the  instrument  is  derived  from  that  of  the 
well-known  Angstrom  pyrheliometer.  Another  type  of  instrument  devised  by 
K.  Angstrom  has  two  blackened  strips  placed  alternately  with  two  polished 
gold-plated  ones.  This  is  useful  for  measuring  the  outward  radiation  to  the 
sky,  but  cannot  be  used  in  the  daytime  to  determine  the  radiation  scattered 
from  sunlight  by  the  atmosphere,  as  the  absorption  coefficient  of  the  bright 
strips  for  these  rays  is  not  even  approximately  zero,  and  thus  the  apparatus 
fails  in  principle.  The  instrument  described  in  this  paper  is  the  outcome  of 
an  attempt  to  overcome  this  drawback.  Instead  of  using  two  strips  of 
different  absorption  coefficients,  kept  at  the  same  temperature  by  an  electric 
current  passing  through  one  of  them,  as  in  the  Angstrom  type,  the  idea  was 
developed  of  having  two  blackened  strips  of  similar  absorbing  power,  but 
with  different  powers  of  conducting  away  the  heat  absorbed.  This  effect  is 
obtained  by  having  the  two  strips  of  different  thicknesses  and  soldering  the 
ends  of  each  to  blocks  of  copper  which  carry  away  the  heat.  The.  action  is 
as  follows : — With  no  radiation  falling  upon  them  the  two  will  be  at  the  same 
temperature,  but  for  every  value  of  the  incoming  (or  outgoing)  radiation 
there  will  be  a  corresponding  temperature-difference  between  them  after  the 
steady  state  has  been  reached.  This  difference  can  be  measured  by  suitable 
thermo-couples  in  the  rear  connected  to  a  galvanometer.  The  remaining  part 
of  the  apparatus  provides  means  for  passing  an  electric  current  through  the 
two  strips  in  parallel,  suitable  resistances  being  introduced  so  that  the  heating 
produced  in  each  strip  is  the  same.  In  taking  a  reading  the  t\9o  strips  are 
exposed  to  the  radiation  to  be  measured  and  the  deflection  of  the  galvano- 
meter is  noted.  This  indicates  their  difference  of  temperature.  An  electric 
burrent  is  now  passed  through  the  strips  (providing  equal  heating  in  each,  as 
m  the  case  of  the  radiation),  and  is  varied  until  the  same  galvanometer 
deflection  as  before  is  produced.  This  current  is  measured  on  an  ammeter, 
and  if  tlie  constant  of  the  instrument  is  known  it.  is  easy  to  calculate  what 
heat  is  being  produced  in  each  of  the  strips.  This  being  the  same  as  that 
received  from  the  incoming  radiation,  the  latter  is  thus  determined. 
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The  instrument  may  be  used  both  for  scattered  radiation  from  the  sky 
and  also  for  direct  solar  radiation.  A  series  of  comparative  readings  between 
this  instrom^ent  and  a  standard  pyrheliometer  showed  satisfactory  agreement 
between  the  two.  •A  second  type  of  pyranometer  was  devised  in  which  only 
one  strip  was  employed  instead  of  two,  and  this  also  is  described.      }.  S.  Di. 

1323.  Radiation  received  from  (he  Sun  and  Sky  at  Madison,  Wisconsin. 
H.  H.  Kimball  and  £.  R.  Miller.  (Monthly  Weather  Rev.  44.  pp.  180- 
181|  April,  1916.) — ^The  max.  daily  amount  of  radiation  received  on  a  sq.  cm. 
of  horizontal  surface  at  Madison  varies  from  QQO  cals.  in  Dec.  to  770  cals.  in 
June.  The  corresponding  mean  daily  amounts  are  180  and  680  cals.  The 
quantities  for  Jane  are  very  similar  to  the  amounts  obtained  at  Washington, 
but  in  winter  the  Washington  values  are  higher,  as  might  be  expected  from 
the  difference  in  latitude  of  the  two  stations.  R.  C« 

1324.  The  Planetary  System  of  Convection.  W.  R.  Blair.  (Monthly 
Weather  Rev.  44.  pp.  186-196,  i^ril,  1916.) — Gives  a  revised  account  of  the 
general  circulation  of  the  atmosphere  based  upon  observations  at  the  surface, 
at  mountain  stations  and  in  the  free  upper  air,  supplemented  by  hypothetical 
data  in  the  absence  of  actual  observations.  R.  C. 

1326.  Circumhorizontal  Arc  Observed.  J.  T.  Gray.  (Monthly  Weather 
Rev.  44.  pp.  245-246,  May,  1916.)— At  about  1  p.m.  on  June  6,  1916,  at  Cin- 
cinnati, a  vividly  coloured  arc  was  observed,  parallel  to  the  horizon,  at  an 
altitude  of  about  20^,  with  perhaps  a  slight  upward  curve  at  either  extremity. 
The  arc  was  80°  or  more  in  extent  and  so  situated  that  its  middle  point' 
appeared  vertically  beneath  the  sun.  The  solar  distance  was  46^°.  It  seems 
reasonably  certain  that  this  was  the  **  circumhorizontal  arc  "  or ''  lower  tangent 
arc  of  the  46^  halo,"  which  has  very  rarely  been  observed.  The  sky  at  the 
time  was  everywhere  visibly  covered  with  thin  cirrus  or  cirro-stratus  cloud. 

J.  S.  Di. 

1326.  Disappearance  of  Snow  in  California.  A.  J.  Henry.  (Monthly 
Weather  Rev.  44.  pp.  150-158,  March,  1916.)— A  snow  covering  disappears 
slowly  under  the  conditions  of  a  low  temperature  and  little  wind.  The 
average  loss  by  evaporation  in  these  circumstances  in  California  is  about 
}  in.  per  day.  High  temperature,  brisk  wind,  and  much  sunshine  are  the 
most  unfavourable  conditions  for  the  conservation  of  a  snow  covering. 
The  daily  loss  of  snow  may  then  vary  from  8  or  4  in.  in  the  case  of  old  snow 
to  10  in.  in  the  case  of  freshly  fallen  snow.  R.  C. 

1327.  The  Currents  of  Lake  Michigan.  C.  McD.  Townsend.  (West 
Soc.  Eng.,  J.  21.  pp.  298-805;  Disc.,  805-^809,  April,  1916.)— Observations 
made  at  different  points  have  led  the  author  to  conclude  that  the  currents  are 
directly  caused  by  the  winds  blowing  at  the  time.  Some  earlier  measure- 
ments made  in  1892-4  led  the  U.S.  Weather  Bureau  to  the  conclusion  that 
there  was  a  permanent  system  of  currents  flowing  southerly  down  the  west 
side  of  the  lake,  then  curving  round  at  the  southern  extremity  and  flowing  up 
again  along  the  east  shore.  The  recent  series  of  experiments  did  not  har- 
monise with  this  theory,  and  it  is  concluded  that  there  are  no  permanent 
currents  of  the  type  suggested.  In  addition  to  the  discussion  of  currents, 
data  are  also  given  about  the  water  temperature  at  different  depths  and  in 
different  parts  of  the  lake.  J.  S.  Di. 

VOL.  XUL— A.— 1916. 


Digitized  by  VjOOQIC 


502  SCIENCE  ABSTRACTS. 

1328.  On  ike  Geyser  of  OnikohS.  K.  Honda  and  T.  Son6.  (T^oku 
Univ.,  Sci.  Reports,  5.  pp.  249-261,  Aug.,  1916.>*-Gives  an  historical  accocmt 
of  ibe  Onikobe  Geyser  on  the  eastern  side  of  the  central  group  of  the 
mountain  ranges  of  North  Japan,  and  describes  a  self-reibrding  air  thermo- 
meter for  investigating  the  temperature  changes  that  occur  in  the  under- 
ground channel  through  which  the  hot  water  is  supplied.  Eruptions  occur 
on  the  average  about  once  every  hour,  and  are  indicated  on  the  records  by 
sudden  increases  of  temperature  occurring  at  nearly  regular  intervals.  An 
artificial  increase  of  pressure  produced  by  raising  the  level  of  the  water  in  the 
basin  surrounding  the  geyser  increases  the  period  of  eruption,  and  changes 
of  atmospheric  pressures  are  observed  to  produce  corresponding  effects  upon 
the  period.  After  each  eruption  the  water  in  the  basin  returns  underground 
through  the  channel. 

An  explanation  of  these  results  is  offered.  It  is  based  upon  the  variation 
of  the  boiling-point  of  water  under  varying  pressures.  R.  C. 

1829.  Variation  of  Solar  Radiation,  C.  G.  Abbot,  F.  E.  Fowle,  and 
L.  B.  Aldricb.  (Smithsonian  Misc.  CoU.  66.  6.  [24  pp].  May,  1916.)— A 
short  account  is  given  of  the  method  of  observation  at  the  new  station  on 
Mt.  Wilson,  established  in  working  order  during  1918,  and  tables  of  the 
results  show  the  mean  distribution  of  intensity  of  radiation  over  the  sun's 
disc,  changes  in  radiation  from  year  to  year  and  also  from  day  to  day. 
Curves  are  given  showing  the  variability  during  1918-1914.  The  ratio  of 
change  of  contrast  between  centre  and  limb  and  change  of  solar  constant 
appears  to  differ  from  year  to  year,  but  further  work  on  this  will  be  con- 
tinued. With  regard  to  the  short-period  changes,  it  is  suggested  that  the 
difference  of  brightness  between  centre  and  limb  may  be  a  consequence  of 
decreased  effective  temperature  of  the  radiating  surface  rather  than  the 
result  of  an  absorbing  atmosphere  as  was  formerly  thought.  To  explain 
these  varying  results,  two  causes  of  change  are  supposed  to  be  operative. 
One,  going  with  increased  solar  activity,  is  regarded  to  be  increased  effective 
solar  temperature,  producing  increased  radiation  and  increased  contrast  The 
other,  altering  from  day  to  day,  may  be  the  increased  transparency  of  the  solar 
envelopes,  which  produces  increased  radiation  but  decreased  contrast.  All 
these  changes  are  greater  for  shorter  wave-lengths.  C.  P.  B. 

1330.  Effect  of  Haze  on  Solar  Rotation  Measures.  R.  E.  DeLury.  (Roy. 
Astron.  Soc.  Canada,  J.  10.  p.  846,  1916.  Nature,  98.  p.  99,  Oct.  6,  1916. 
Abstract.  Astrophys.  J.  44.  pp.  177-189,  Oct,  1916.)— The  effect  of  terrestrial 
atmospheric  haze  on  spectrograph  ic  measurements  is  due  to  the  superposition 
of  a  weakened  solar  spectrum  over  the  main  spectrum  under  examination. 
As  this  added  spectrum  would  show  no  displacements,  the  measurements 
of  the  blended  lines  would  indicate  velocities  systematically  too  low,  and, 
moreover,  would  vary  from  line  to  line,  according  to  the  character  of  the  line 
examined.  C.  P.  B. 

1331.  Anomalous  Dispersion  in  ike  Sun.  J.  Eversbed.  (Observatory, 
No.  505.  pp.  482-484,  Oct.,  1916.)— From  an  investigation  of  solar  and  arc 
spectra  Albrecht  announced  results  in  accordance  with  the  requirements  of  the 
anomalous  dispersion  theory  [Abs.  296  (1916)].  Direct  comparisons  of  the 
spectra  in  the  laboratory  led  Royds  and  Evershed  to  doubt  the  validity  of 
Albrechfs  conclusions  [Abs.  1006  (1916)],  and  it  is  now  shown  that  Albrechf  s 
tables  are  affected  with  disabilities  well  known  to  workers  with  comparison 
figures  only.    Many  of  the  "  close  pairs"  of  lines  are  actually  unresolved  in 
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the  solar  spectrum,  and  it  is  evident  that  the  wave-lengths  of  the  components 
have  only  been  determined  approximately.  Apart^  from  these,  there  are 
many  others  which  are  difficult  to  measure  on  account  of  the  lines  being 
shaded  or  otherwise.  Further,  it  has  been  found  that  many  of  Rowland's 
separations  for  close  doubles  are  greatly  overestimated.  All  the  evidence 
obtained  with  high-power  apparatus  at  Kodaikanal  is  decidedly  against  the 
probability  of  anomalous  dispersion  being  an  effective  agent  in  displacing 
solar  lines.  C.  P.  B. 

1332.  Masses  of  Visual  Binary  Stars.  R.  T.  A.  Innes.  (S.  African  J. 
Sci.  12.  p.  468, 1916.  Nature,  98.  p.  99,  Oct.  5,  1916.  Abstract.)— From  an 
investigation  of  binary  stars,  it  appears  that  most  close  pairs  are.  to  be 
regarded  as  binaries,  whether  they  show  relative  motion  or  otherwise. 
Assuming  that  a  binary  has  the  same  brightness  as  the  sun,  the  author 
calculates  its  distance  from  the  apparent  magnitude,  and  then  the  mass,  if 
the  period  be  known.  The  conclusion  is  that  few  double-  stars  have  a  mass 
as  large  as  the  sun.  The  mass,  or  "  gravitative  power"  as  the  author  styles 
it,  is  found  to  be  small  in  stars  of  types  B  and  A,  moderate  in  F,  and  large 
in  G  and  K  ;  in  types  Oe  and  M  it  appears  to  be  absent.  It  is  suggested  that 
light-pressure  may  partly  or  wholly  neutralise  gravitative  power  in  stars  of 
small  density  and  great  luminosity.  C.  P.  B. 

1333.  Distribution  of  B  Stars.  C.  V.  L.  Charlier.  (Roy.  Soc.  Upsala, 
Nova.  Acta,  4.  Ser.  4.  No.  7.  Nature,  98.  p.  116,  Oct  12, 1916.  Abstract)— 
From  a  detailed  investigation  of  the  proper  motions  and  radial  velocities  of 
stars  of  type  B  it  is  concluded  that  they  form  a  well-defined  cluster,  gradually 
thinning  out  from  the  centre  to  a  distance  of  200  siriometres  (one  sirio- 
metre  ss  earth's  distance  from  sun  x  10*).  The  centre  of  this  cluster  lies 
in  a  rich  region  of  the  constellation  Carina,  at  the  position  RA  =  7'7h. ; 
Cecl.  ss  ~  55*6^.  A  catalogue  of  854  B  stars  is  included,  with  data  relating 
to  details  of  type,  magnitude,  distance,  galactic  coordinates.  C.  P.  B. 

1334.  Spectroscopic  Binary,  x  Aurigce.  R.  K.  Young.  (Roy.  Astron. 
Soc  Canada.  J.  10.  p.  858, 1916.  Nature,  98.  p.  116,  Oct.  12, 1916.  Abstract.) 
— An  orbit  for-  the  spectroscopic  binary  %  Aurigae  has  been  computed  from 
measurements  on  88  spectrograms  taken  at  the  Ottawa  Observatory  during 
1918-1916.  The  period  of  the  star  is  65516  ±  5*26  days  ;  eccentricity  0171, 
and  orbitil  velocity  20*58  km./sec.  No  evidence  of  the  presence  of  a  third 
body  was  detected.  C.  P.  B. 

1336.  Mean  Distances  of  Stars.  F.  W.  Dyson.  (Engineering,  102. 
p.  820,  Oct.  6, 1916.  Paper  read  before  the  British  Assoc,  at  Newcastle.)— 
On  the  assumption  that  the  peculiar  movements  of  the  stars  neutralised  one 
another  when  the  mean  of  a  large  number  was  taken,  the  mean  proper  motion 
of  a  group  in  any  part  of  the  sky  might  be  regarded  as  caused  by  the  motion 
of  the  solar  system  towards  a  point  near  Vega  (o  Lyrae)  with  a  velocity  of 
19*5  km./scc.  This  was  then  taken  as  a  basis  for  determining  the  mean 
distances  of  stars  of  difiFerent  magnitudes.  The  results  obtained  were  in 
accordance  (or  gave  slightly  smaller  parallaxes  for  faint  stars)  with 
Kapteyn's  formula  deduced  by  considering  brighter  stars.  C.  P.  B. 

1336.  Faint  Stars  with  Large  Proper  Motions.    R.  J.  Pocock.    (Roy. 

Astron.  Soc,  M.N.  76.  pp!  657-659,  June,  1916.)— A  list  is  given  of  the 

numbers  of  faint  stars  with  large  proper  motions  determined  from  five 

recent  Oxford  plates  measured  at  Hyderabad.  C.  P.  B. 
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1337.  Corrections  for  Concave  Grating  with  Large  Ruled  Area.  H. 
Nagaoka.  (Math.  Phys.  Soc.,  Tokyo,  Proc.  a  pp.  618-510,  Sept,  1916.)— 
Now  that  gratings  have  been  successfully  ruled  with  much  greater  ruled 
area  than  in  former  times  it  becomes  necessary  to  revise  the  theory  by  taking 
account  of  the  higher  order  corrections  which  could  be  neglected  for  the 
smaller  gratings.  This  is  shown  very  clearly  by  comparing  the  results  given 
by  a  large  Michelson  grating  on  the  green  mercury  line  with  those  given 
in  work  on  the  same  line  with  interference  apparatus,  the  echelon  grating, 
Lummer-Gehrcke  plate,  or  Fabry-Perot  instrument.  Formulae  are  given 
showing  the  corrections  to  be  used,  with  curves  showing  how  they  vary 
in  importance  with  different  angles  of  incidence.  The  only  way  to  avoid 
these  difficulties  is  to  increase  the  radius  of  curvature  or  rule  at  closer 
intervals,  or  both.  .  The  matter  needs  careful  consideration  in  all  work 
involving  positions  of  satellites  or  line  structure,  such  as  2^cman-effect. 

C.  P.  B. 

1338.  Refractive  Index  and  Dispersion  of  Glass.  R.  W.  Cheshire.  (Phil. 
Mag.  82.  pp.  409-420,  Oct.,  1916.  From  the  National  Physical  Lab.)--This 
paper  describes  a  new  method  of  measuring  the  refractive  index  and  disper- 
sion of  glass  in  lenticular  or  other  forms,  the  procedure  being  based  upon  the 
"  Schlierenmethode  **  of  Tdpler.  The  glass  under  examination  is  immersed 
in  a  liquid  whose  refractive  index  for  the  specified  wave-length  can  be  varied 
continuously  until  an  equality  is  obtained  between  the  index  of  the  glass  and 
that  of  the  surrounding  liquid.  The  ordinary  process  can  then  be  applied  to 
measure  the  refractive  index  of  the  liquid  on  the  Pulfrich  refractometer.  A 
full  description  is  given  of  the  apparatus  employed.  The  immersion  fluid 
finally  selected  was  an  aqueous  solution  of  mercury  potassium  iodide, 
more  commonly  known  as  Thoulet's  solution.  In  its  most  concentrated  form 
the  refractive  index  for  this  solution  for  the  D-line  is  1*72,  and  this  may  be 
varied  continuously  down  to  1*88  by  admixture  with  increasing  proportions 
of  water.  The  results  obtained  show  that  the  "Schlierenmethode^'  is  well 
adapted  for  the  equalising  of  the  indices  of  the  glass  and  liquid  to  oue  or  two 
units  in  the  fifth  place  of  decimals,  and  is  therefore  all  that  is  required  in 
commercial  practice.  A.  W. 

1339.  Dispersion  of  Hydrogen  and  Helium  on  Bohr's  Theory.  C.  Davis- 
son.  (Phys.  Rev.  8.  pp.  20-27,  July,  1916.)— Assuming  the  mechanism  of 
dispersion  to  be  that  of  the  ordinary  electronic  theory  of  Drude  and  Lorentz, 
the  author  calculates  the  constants  of  the  dispersion  equation  on  Bohr's 
theory,  for  both  elements,  and  compares  them  with  the  values  obtained 
experimentally  by  C.  and  M.  Cuthbertson  [Abs.  862,  1727  (1910)]  with  the 
result  that  the  divergence  is  so  great  that,  if  the  mechanism  of  dispersion  is 
rightly  conceived,  Bohr's  theory  is  found  quite  incapable  of  accounting  for 
the  observed  results.  G.  W.  db  T. 

1340.  Axial  Velocity  in  Apparatus  for  Fizeau's  Experiment.  P.  Zeeman. 
(K.  Akad.  Amsterdam,  Proc.  19.  pp.  125-182,  1916.)~The  author  has  now 
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made  a  direct  optical  measurement  of  the  velocity  of  flow  of  the  liquid  at  the 
axis  in  the  apparatus  he  used  for  the  repetition  of  Fizeau's  experiment.  It 
is  found  to  be  slightly  different  from  what  would  be  expected  on  the  distribu- 
tion according  to  the  law  of  Poiseuille.  But  the  result  of  the  experiment  is 
still  largely  in  favour  of  the  Lorentz  expression.  [See  Abs.  682  and  1528 
(1915).]  E.  H.  B. 

1341.  Infra-red  Radiation  of  a  Thin  Metal  Plate,-  C.  W.  Oseen.    (Ann.' 
d.  Pliysik,  50.  8.  pp.  270-276,  June  29»  1916.)— Mathematical  treatment  on  the 
basis  of  the  electron  theory.     [See  Abs.  709  (1916).]  E.  H.  B. 

1342.  Theory  of  Colour.  W.  Ostwald.  (Phys.  Zeits.  17.  pp.  822-882, 
July  15,  and  pp.  852-864,  Aug,  1, 1916.) — ^This  is  a  discussion  of  the  subject 
ih  general,  and  does  not  admit  of  brief  abstract.  Important  points  dealt  with 
include  colour  mixture,  the  colour  triangle,  neutralisation  and  purity  ratios, 
and  colour  brightness.  A.  W. 

1343.  Modification  of  Violle  Standard.  H.  E.  Ivcs.  (Phys.  Rev.  8. 
pp.  250-258,  Sept.,  1916.)— Considers  the  objections,  theoretical  and  prac- 
tical, to  the  Violle  standard  of  light,  and  the  suitability  of  Waidner  and 
Burgess'  suggested  modification,  viz.  the  intensity  of  the  light  emitted  (white 
or  monochromatic)  by  1  cm.»  of  a  black  body  at  the  temperature  of  solidifica- 
tion of  platinum  [see  Abs.  1786  (1908)].  Substituting  for  Ihe  light  emitted 
by  1  cm.»  of  the  black  body,  the  watt  of  luminous  flux,  the  author  enumerates 
the  advantages  of  such  a  standard,  among  which  is  the  fact  that  it  colour 
matches  the  4-watt  carbon  standards  at  present  in  use.  J.  W.  T.  W. 

1344.  Bunsen-flame  Spectra  of  Metallic  Vapours.  J.  C.  McLemtan 
and  A.  Thomson.  (Roy.  Soc.,  Proc.92.  pp.  584-590,  Oct.  2, 1916.)— As  the 
electrical  conditions  in  flames  are  probably  simpler  than  those  which  obtain 
in  the  electric  arc  or  spark,  it  would  be  expected  that,  in  flame  spectra  of  the 
elements,  the  fundamental  frequency  would  come  out  relatively  with  specially 
strong  intensity.  The  results  obtained  with  mercury  and  cadmiimi  vapours 
go  to  confirm  the  view  that  the  frequency  v  =  (l-5,S)— 2,^)  is  a  funda- 
mental one.  The  fact  that  the  cadmium  line  X  =  2288-79  came  out  in 
strongly  burning  flames  also  gives  support  to  the  view  that  the  frequency 
V  =s  (1*5,  S)  —  (2,  P)  possesses  fundamental  characteristics  for  Cd  atoms.  The 
experiments  tend  to  support  the  view  that,  in  the  Mg  spectrum,  the  funda- 
mental frequency  is  given  by  v  =  (1*5,  S)  —  (2,  P).  It  is  the  one  most  easily 
stimulated  in  the  spectrum  of  Mg.  When  the  line  X  =  4571*88  has  been 
observed  by  other  spectroscopists,  it  has  always  been  accompanied  by  other 
lines,  including  in  some  cases  that  of  wave-length  X  =2852*22.  The  results 
obtained  with  thallium  failed  ito  give  any  indication  of  the  fundamental 
frequencies  in  the  spectrum  of  this  element.  It  is  probable  that  in  this  case 
the  fundamental  spectral  lines  come  far  down  in  the  ultra-violet  region. 
[See  also  Abs.  1486  (1911)  and  1408-(1915).]  A.  W. 

1346.  Emission  and  Absorption  in  the  Infra-red  Spectrum  of  Mercury, 
R.  C.  Dearie.  (Roy.  Soc.,  Proc  92.  pp.  608-620,  Oct  2,  1916.)— A  con- 
tinuation of  previous  work  by  McLennan  and  Dearie  [Abs.  1668  (1915)]. 
The  present  paper  deals  with  some  additional  work  on  the  relative  intensities 
of  the  lines  in  the  infra-red  region  of  the  emission  spectrum,  and  with  the 
absorption  bands  produced  by  passing  white  light  through  non^luminous 
mercury  vapour.  It  has  been  established  that  in  the  emission  spectrum  the 
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relative  intensities  of  the  lines  in  an  individual  series  lie  along  a  corye 
analogous  to  an  energy  curve,  not  only  in  the  region  of  short  waves  but  also 
in  the  IcAig-wave  region  beyond  the  maximum  of  the  energy  curve.  The 
intensities  of  the  series  lines  become  relatively  greater  in  the  shorter  wave* 
lengths  with  increase  in  temperature.  For  the  two  lines  1*014  fi  and 
0*546  /I,  which  do  not  belong  to  the  same  series,  the  intensity  of  the  former 
becomes  relatively  greater  for  higher  temperatures  and  vapour  pressures, 
although  it  is  the  line  of  longer  wave-length.  In  the  absorption  spectrum 
evidences  of  absorption  have  been  found  with  each  wave-length  for  which 
there  is  an  emission  line  between  1*00 /<  and  1*20 /i.  Strong  absorption  was 
obtained  for  wave-lengths  1*014 /«,  1*129 /i,  and  1*20 /t.  Absorption  was 
obtained  at  wave-lengths  1*014 /«  and  1*20 /«  with  very  low  vapour  pressure. 
It  has  been  shown  that  the  two  latter  wave-lengths  correspond  to  the  fir^t 
members  of  the  series  v  =  (2*5,  S)  —  (m,  P),  and  (1*5,  s)  —  (m,  P)  respectively. 

A.W; 

1840.  lonisation  Potentials  of  Magnesium  and  other  Metals,  and  their 
Absorption  Spectra,  J.  C.  McLennan.  (Roy.  Soc,  Proc.  92.  pp.  574-688, 
Oct.  2, 1916.)-  In  a  previous  paper  [Abs.  565  (1916)]  the  author  showed  that 
when  magnesium  vapour  in  a  vacuum  is  bombarded  by  electrons  it  is  possible, 
if  the  electrons  possess  the  requisite  amount  of  kinetic  energy,  to  cause  the 
vapour  to  emit  a  radiation  consisting  of  the  single  spectral  line  X  =  2852*22. 
It  has  since  been  shown  by  Lorenser  that  this  line  is  the  first  member  of  the 
series  v  =  (1*5,8)  —  (m,  P)  and  that  X  =2026*46  is  the  second  member  of  the 
series.  Hence,  if  Mg  vapour  acts  as  regards  absorption  in  a  manner 
analogous  to  the  vapours  of  Hg,  Zn,  and  Cd,  bands  should  appear  in  its 
absorption  spectirum  at  XX  =4571*88,  2852*22,  and  possibly  at  X=:  2026*46 
and  at  still  higher  members  of  the  series.  The  absorption  spectrum  of  Mg 
was  therefore  re-examined,  and  the  present  paper  gives  an  account  of  these 
experiments  and  of  others  which  followed  on  from  them.  It  was  found  that 
the  absorption  spectrum  of  non-luminous  Mg  vapour  in  a  vacuum  consists 
of  narrow  sharp  bands  at  X  =  2852*22  and  Xsx  2026*46,  i,e.  at  the  points 
corresponding  to  the  first  two  members  of  the  series  v  =  (1*5, 8)  —  (jH,  P). 
When  Mg  vapour  in  a  vacuum  is  bombarded  by  electrons,  no  radiation 
characteristic  of  the  spectrum  of  this  me{al  is  emitted  until  the  electrons 
possess  kinetic  energy  equal  to  that  acquired  in  a  fall  of  potential  of  about 
4*5  volts.  With  a  field  corresponding  to  5*9  volts  the  spectrum  obtained 
consisted  of  a  single  line  Xs  2852*22,  which  was  emitted  strongly.  No 
indication  of  the  line  X  =  4571*88  was  obtained  under  electronic  bombard- 
ment until  the  electrons  possessed  sufficient  kinetic  energy  to  cause  the  arc 
to  strike.  The  arcing  voltage  was  approximately  7*5  volts.  This,  by  the 
quantum  theory,  corresponds  to  the  frequency  of  the  line  X=  1626*66, 
which  ^is  very  close  to  X  =  1621*7,  the  last  line  in  the  series  given  by 

V  =  (1*5, 8)— .  (w,  P).  With  the  vapours  of  Hg,  Zn,  Cd,  and  Mg,  the  arcing 
voltages  appear  to  be  connected  by  the  quantum  relation  with  the  frequency 

V  ss  1*5, 8.  As  the  simplest  Bunsen-flame  spectrum  of  Mg  vapour  consists 
of  the  single  line  X  s  2852*22,  and  as  the  vapour  in  the  flame  when  emitting 
this  radiation  has  been  shown  to  be  ionised,  it  would  appear  that  the  ionisation 
potential  of  Mg  vapour  also  follows  the  quantum-theory  law,  and  is  given 
approximately  by  4*28  volts.  Arguments  are  presented  which  support  the 
view  that  while  the  ionising  potential  for  Hg,  Zn,  and  Cd  may  be  deduced 
from  the  quantum  theory  by  the  use  of  the  frequency  represented  by 

V  =  (1*5,  S)  — (2,^),  in  the  case  of  Mg,  Ca,  Sr,  and  Ba  the  frequency  whidi 
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must  be  used  is  given  by  v  =  (1*6,  S)  —  (9,  P).  The  absorption  spectrum  of 
non-luminous  Tl  vapour,  with  low  densities,  consists  of  a  narrow  sharp  band 
at  X  s  8775*87,  and  with  high  vapour  densities  it  consists  of  this  band  and 
somewhat  difiFuse  ones  at  Xs:8280  and  X  =  8000.  Of  these  the  line 
X=s  8776*87  is  the  first  member  of  the  second  subordinate  doublet  series 
given  by  V  =r  (2,  jS)  —  (m,  s),  and  X  u=  8280  is  the  second  member  of  the  second 
subordinate  doublet  series  given  by  v{%pi)  —  (w,s).  No  sign  of  absorption 
was  observed  at  X  =5860*65,  the  first  member  of  the  latter  series.  The  fre- 
quencies given  by  v  (1-6,S)— (2,^t)  and  v  =  (1*6, S)  —  (2,  P)  have  not  as 
yet  been  located  in  the  spectrum  of  thallium.  A.  W. 

1347.  Frequencies  of  Spectral  Lines,  W.  M.  Hicks.  (Engineering,  102. 
p.  821,  Oct.  6, 1916.  Paper  read  before  the  British  Assoc,  at  Newcastle.)— A 
discussion  of  the  question  whether  the  frequencies  of  spectral  lines  can  be 
represented  as  a  function  of  their  order.  A.  W. 

1348.  Fluorescent  Vapours  and  their  Magneto-optic  Properties,  L. 
Silberstein.  (Phil.  Mag.  82.  pp.  265-282,  Sept.,  1916.)— A  system  obeying 
the  differential  equation  X  +  kJt-^-  N'^  :=  0  is  called  here  a  Hookean  resonator, 
and  when  such  a  resonator  is  acted  upon  by  an  external  force  of  frequency  n, 
it  will  only  give  oscillations  of  the  same  frequency,  and  will  only  respond 
vigorously  when  n  =  N.  If,  however,  N»4r  is  replaced  by  a  non-linear 
function  of  x,  an  exciting  force  of  frequency  N  will  generate  oscillations  of 
frequency  N  and  also  an  infinite  variety  of  other  frequencies.  Bearing  this 
in  mind,  the  excitation  and  emission  of  fluorescent  spectra  may  be  mathema- 
tically described  by  saying  (1)  that  the  atoms  of  the  vapour  behave  as  if  each 
contained  a  Hookean  resonator  under  the  simultaneous  action  of  forces  of  all 
the  frequencies  «o  =  N,  ni,  iii,  etc.,  i,e,  by  writing — 

*  +  ily  +  N«;r  =  c^N/^^j^M  +  c,^i»./+ (1), 

or  (2)  that  each  atom  contains  an  appropriate  non- Hookean  resonator,  acted 
upon  by  co^^'  only,  i,e,  that— 

*  +  ^  +  N'AT  ^f{x)  =  c^^^ (2), 

where  J{x)  is  some  non-linear  function  of  the  displacement.  It  is  here 
shown,  following  the-  method  of  successive  approximations,  that  if  the 
function  J{x)  =s  ax^,  where  a  is  a  real  constant,  and  ^  is  a  real  positive  con- 
stant differing  little  from  the  value  unity,  a  series  is  obtained  whose  members 
succeed  one  another  at  constant  frequency-intervals  ^ns(l— ^)N.  Recal- 
culation of  Wood's  results  for  the  three  resonance  series  of  iodine  vapour 
excited  by  light  of  wave-length  Xs  5461*0,  6769*5,  6790*6  respectively  shows 
a  quite  satisfactory  constancy  qf  in  along  each  series.  Further  development 
of  the  theory  relative  to  the  presence  of  a  magnetic  field  shows  that  there 
should  be  no  ordinary  Zeeman-effect,  which  conclusion  is  not  apparently 
contradicted  by  experiment,  though  Wood  and  Ribaud  used  fields  up  to 
20,000  gauss.  It  also  appears  that  the  fundamental  line  of  the  series  will 
continue  to  be  rectilinearly  polarised,  but  the  plane  of  polarisation  will  be 
rotated  round  the  magnetic  field.  For  iodine  vapour  the  angle  is  46°  for  a 
field  Ht  of  the  order  of  W  gauss.  The  other  lines  of  the  series  become 
elliptically  polarised.  The  theory  is  also  in  agreement  with  the  results  of 
Wood  and  Ribaud  as  regards  the  intensity  of  the  fluorescence  in  a  magnetic 
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field,  for  it  b  shown  that  with  increasing  magnetic  fields  the  fluoresc^ce 
tends  to  nothing.  Wood  and  Riband  found  a  90  %  reduction  of  the 
fluorescence  in  a  field  of  80,000  gaoss.  A.  W. 

1349.  Fluorescence  and  Absorption  of  certain  Pleochroic  Crystals  of  the 
Uranyl  Salts.  £.  L.  Nichols  and  H.  L.  Howes.  (Phys.  Rev.  a  pp.  864- 
885,  Oct.,  1916.) — The  study  of  the  polarised  spectrum  of  uranyl  ammonium 
dhloride  [Abs.  1688  (1915)]  has  been  extended  to  the  potassium,  rubidium, 
and  caesium  double  chlorides.  All  these  salts  form  triclinic  crystals  which 
arc  pleochroic  and  exhibit  polarised  fluorescence  and  absorption  spectra. 
Unlike  other  uranyl  compounds  each  type  of  spectra  of  these  salts  has  its 
bands  resolved  at  20°  C.  into  a  homologous  constant-frequency-interval  series 
of  five  band  groups.  The  fluorescence  spectrum  is  essentially  the  same  in 
structure  for  all  four  salts,  and  the  spacing  of  the  band  memb^  is  the  same 
in  each  group,  except  where  overlapping  takes  place  in  the  reversing  regions 
between  fluorescence  and  absorption.  Each  group  band  member  is  a  doublet, 
the  components  being  polarised  at  right  angles  to  one  another.  The  frequency- 
interval  is  practically  the  same  for  each  series  in  any  salt,  and  the  average 
intervals  of  the  four  salts  show  a  very  slight  decrease  with  increasing 
molecular  weight  in  both  spectra.  There  is  also  a  slight  systematic  positional 
variation  of  a  given  band  with  molecular  weight>  the  violet-ward  shift  from 
K  to  Cs  being  of  the  order  of. 5  A.U.  Moreover,  this  shift  is  experienced 
equally  in  extent  and  direction  by  each  homologous  series.  Liquid-air  tem- 
peratures produced  the  usual  narrowing  of  the  bands  and  apparent  positional 
and  interval  changes,  all  of  which  are  to  be  ascribed  to  the  relative  enhance- 
ment or  diminution  of  components  of  the  bands.  C.  S.  G. 

1350.  X-ray  Spectra  Produced  by  Means  of  Curved  Crystal  Surfaces,  P. 
Cermak.  (Phys.  Zeits.  17.  pp.  405-409,  Sept  1,  1916.)— The  first  work  of 
this  kind  was  due  to  de  Broglie  [Abs.  878  (1914)],  who  used  the  curved 
surface  of  the  crystal  mica  to  determine  the  wave-lengths  of  lines  in  X-ray 
spectra.  The  method  has  been  adopted  frequently  by  other  authors,  various 
modifications  being  introduced,  although  the  main  principle  remains  the 
same.  The  author  now  describes  an  investigation  in  which  other  curved 
crystals  have  been  studied  in  a  similar  manner.  A  crystal  plate  of  rock-salt, 
heated  to  a  temperature  above  200°  C,  can  be  bent,  and  the  bending  results 
in  a  permanent  deformation.  Using  such  a  crystal  a  line  spectrum  is 
obtained  similar  to  that  >  produced  by  the  rotating  crystal  (plane-parallel) 
method.  Similarly  crystals  of. gypsum  and  diamond  have  been  examined. 
Several  interesting  points  with  regard  to  the  effect  of  bending  cr3rstals,  etc., 
are  raised.  A.  B.  W. 

1351.  Absorption  Coefficients  of  Soft  X-rays.  C.  D.  Miller.  (Phys.  Rev.  8. 
pp.  809-848,  Oct,  1916.)— The  object  of  the  experiments  described  was  to 
study  the  nature  of  X-rays  produced  at  loW  potentials.  For  this  purpose  a 
specially  constructed  X-ray  tube  was  employed,  the  very  soft  radiation  being 
allowed  to  escape  through  a  window  (6  cm.'  in  area)  of  Al  leaf  (0*000675  cm. 
thick).  This  Al  leaf  was  supported  by  a  phosphor-bronze  gauze  (180  meshes 
per  inch),  and  under  such  conditions  was  found  to  be  strong  enough  to  bear 
the  outside  air  pressure  without  serious  leak.  The  tube  was  permanently 
connected  to  the  exhaust  pump,  the  pressure  in  the  tube  ranging  from  10^ 
and  10"*  mm.  of  Hg. .  The  X-rays  emerging  through  the  window  were 
detected  and  measured  by  means  of  an  ordinary  golA-leaf  electroscope,  the 
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bottom  of  which  was  covered  with  a  sheet  of  Al  leaf  dVth  the  thickness  of 
.that  covering  the  window  of  the  tube). 

The  sheets  of  material  used  for  absorbing  the  X-rays  were  of  gelatin, 
celluloid,  and  aluminium.  The  results  obtained  are  collected  in  the  following 
table :— 


Potential. 

/i/plnAL 

in  CeUulold. 

inC^e^ 

(M/p)CeU. 

(M/f»>AI. 

(A*/p)GeL 
(M/P)AL 

(M/p)OeL 
(M/p)Cell. 

2600 
8000 
8460 
8980 
4420 
4880 
6870 
6780 
7700 
8860 
9970 

(1980) 
(1190) 
(778) 
(474) 
(861) 
(249) 
149 
101 
71-7 
47-8 
847 

81-0 
600 
42*6 
26-6 

12-8 

6-90 

812 

198 

126 
76-2 
66-6 
88-7 
268 

ir4 

6-89 

0-172 
0-172 
0-170 

0178 
0-169 
0166 

0-940 
0  948 
0-910 
1^1 

0927 

0914 

Mean 

0171 

0162 

0-941 

Plotting  logV  and  log(fi/|»)  it  is  shown  that  the  points  for  4880  to  9970  volts, 
inclusive,  lie  remarkably  close  to  a  straight  line. 

The  results  give  /«/p .  V«^  =  4-24  x  10",  which,  combined  with  the  quantum 
relationship  Vtf  =  Av,  becomes  /«/p  =  19-4X*^".  Here  X  is  in  A.U.,  and  /«/p  is 
for  Al.  This  result  is  in  good  agreement  with  that  found  by  Siegt>ahn 
[Abs.  1062  (1915)],  who  obtained  /«/p  =s  19X«^,  using  the  absorption  coefficients 
of  the  various  characteristic  radiations  and  the  wave-lengths  obtained  by 
Moselcy. 

Curves  showing  how  /«/p  varies  with  the  thickness  of  Al  traversed  are 
given.  The  author  finds  the  relation  pd  =  4'4Hfilp)  to  hold  good  (pd  :=  mass 
per  cm.*  of  Al  through  which  the  rays  have  passed).  A.  B.  W. 

1362.  Symmttry  of  X-ray  Patterns  produced  by  Crystals.  M.  v.  Laue. 
(Ann.  d.  Physik,  60.  4.  pp.  488-446,  July.l8,  1916.)--A  mathematical  paper  in 
which. a  publication  by  Friedel  [see  Abs.  671  (1914)]  is  criticised.      A.  B.  W. 


RADIO-ACTIVITY. 

1363.  The  Straggling  of  a-Particles.  W.  Makower.  (Phil.  Mag.  82. 
pp.  222-226,  Aug.,  1916.)— The  results  obtained  by  Geiger  and  by  Taylor 
[Abs.  1248  (1910),  1966  (1918)]  jby  the  scintillation  method  for  tlie  variation 
in  the  number  of  a-particles  from  RaC  in  air  are  in  substantial  agreement, 
but  the  straggling  indicated  at  the  end  of  the  range  is  considerably  larger 
than  is  predicted  by  theory.  In  the  present  investigation,  a  photographic 
plate  is  substituted  for  the  zinc  sulphide  screen,  and  the  plate  examined 
at  leisure  under  the  microscope.  The  results  point  to  a  more  rapid  faUing-o£F 
in  the  number  of  a-particles  at  the  end  of  their  range  than  was  previously 
indicated  by  the  scintillation  method.  This  tends  to  confirm  the  law  given 
by,  Bohr's  theory  [Abs.  1720  (1916)].  E.  A.  O. 
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1354.  Reduction  of  the  Velocity  of  a-Par ticks  on  Traversing  Matter,  L. 
Flamm  and  R.  Schumann.  (Ann.  d.  Physik,  50.  6.  pp.  666-d99,  Aug.  8,. 
1916.)— Measurements  of  this  character  were  first  made  by  Rutherford  [Abs. 
1712  (1906)]  who  suggested  the  relation  «  as  0*847 >/(r+  1*26),  where  u  repre- 
sents the  velocity  (as  a  fraction  of  the  initial  velocity  of  a-particles  from  RaC) 
and  r  the  remainder  of  the  range  of  the  a-particle.  Later  measurements  by 
Geiger  resulted  in  the  expression  r  =s  au^  (a  =sa  constant).  Still  later  Marsden 
and  Taylor  [Abs.  1887  (1918)]  modified  Geiger's  formula  to  r  =  fltt^  where  K 
was  a  quantity  constant  for  any  given  substance,  but  different  for  different 
substances.  Thus  K  =  8  f  or  air,  but  K  =  2  f  or  gold,  and  so  on.  They  showed 
that  for  dififeren^materials  also  the  factor  a  was  almost  exactly  proportional 
to  the  square  root  of  the  atomic  number  of  the  substance. 

The  author  proposes  an  exfJression  containing  three  terms,  of  the  type 
4f  =s  /3m  +  ym»  +  im^  [where  w  =  2(1  —  ii)],  as  more  representative  of  the 
observed  facts.  Numerous  tables  of  results  are  given,  and  from  a  con- 
sideration of  <  these  it  is  asserted  that  the  above  relation  is  more  accurate  than 
that  proposed  by  Geiger,  in  spite  of  the  generalisation  contained  in  Geiger*s 
formula.  In]  addition  to  this  the  three-term  equation  admits  of  more  accurate 
verification. 

Graphical  representation  of  the  results  shows  that  the  falling-off  in  velocity 
between  u  =S|0'60  and  u  =  0*415  is  practically  linear  for  all  the  substances 
examined.  A.  B.  W. 

1365.  lonisaiion  Tracks  of  Hydrogen  Particles,  produced  by  the  Collision 
of  a-Particles\[u}ith  Hydrogen  Atoms,  D.  Bose.  (Phys.  Zeits.  17.  pp.  888- 
890,  Aug.  15,  1916.)-— By  means  of  a  photographic  arrangement  on  the  lines 
of  the  Wilson  expansion  apparatus,  the  author  has  obtained  very  good 
photographs  {showing  the  ionisation  tracks  of  H-particles,  which  have  been 
produced  in  the  passage  of  a-particles  through  hydrogen.  The  paths  of  the 
deflected  a-particles,  on  intimate  collision  with  the  atom  of  hydrogen,  are 

^  also  visible  ion  the  same  photographs,  the  efiPect  appearing  like  a  fork  at 
the  end  of  the  straight  ionisation  track  made  by  the  a-particle  in  traversing 
the  gas. 

The  number  of  a-particles  deflected  through  any  angle  is  found  from  the 
photographic  records  to  be  in  good  agreement  with  the  number  calculated 
according  to  the  theory  of  Rutherford  and  Darwin  [Abs.  1847  (1911)  and 
1082  (1914)].  A.  B.  W, 

1366.  Application  of  Quantum  Hypothesis  to  Theory  of  the  Photoelectric  Effect 
and  of  the  fi-radiation  from  Radio-active  Substances.  P.  S.  Epstein.  (Ann.  d 
Physik,  50.  7.  pp.  815-840,  Aug.  17,  1916.)— The  paper  begins  with  a 
short  history  of  the  work  of  Bohr  in.  connection  with  the  application  of  the 
quantum  theory  to  the  atom,  the  spectra  of  hydrogen  and  helium,  etc.  [see 
Abs.  1980  (1918),  1070  (1914)] .  Sommerfeld's  work  is  considered  in  a  similar 
manner.  A  mathematical  discussion  follows,  results  deduced  from  the 
theoretical  conclusions  being  compared  with  the  experimental  observations 
of  Rutherford  and  Robinson,  v.  Baeyer,  Hahn,  and  Meitner  in  connection 
with  the  standard  determination  of  velocities  of  /3-rays.  The  calculated  and 
observed  results  are  in  excellent  agreement,  giving  strong  support  to  the 
author's  views.  A.  B.  W. 
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1357.  Condensation  of  Metallic  Vapours  on  Cooled  Bodies,  M.  Knudsen. 
(Ann.  d.  Physik,  60.  4.  pp.  47»-488,  July  18, 1916.)— When  mercury  vapour 
condenses  on  a  glass  surface  which  is  cooled  to  the  temperature  of  liquid 
oxygen,  a  transparent  layer  first  becomes  noticeable  which  is  quite  feebly , 
reflective  and  shows  a  brownish  tint  by  tranStaitted  white  light.  As  the 
condensation  continues  the  layer  gradually  becomes  more  opaque  and 
reflective.  The  formation  of  the  layer  gives  rise  to  the  belief  that  every 
mercury  molecule  which  strikes  the  strongly  cooled  surface  remains 
adhering,  while  the  probability  of  being  repelled  is  very  small.  In  order 
to  determine  whether  this  probability  is  of  observable  dimensions,  the 
author  has  made  some  experiments  from  which  the  calculation  is  made 
that  every  mercury  molecule  which  strikes  ^  body  cooled  to  the  temperature 
of  liquid  oxygen  adheres  at  the  flrst  impact.  On  the  other  hand,  when  a 
mercury  molecule  strikes  a  glass  surface  cooled  to  —  77*6°  C.  the  probability 
of  adherence  at  the  flrst  impact  is  1/5000.  A  mercury  surface  cooled  to 
— 68°  C.  retains  almost  all  the  impacting  mercury  molecules,  and  would 
retain  the  whole  if  the  mercury  surface  were  perfectly  pure.  A  series  of 
experiments  at  temperatures  lying  between  the  temperatures  of  liquid 
oxygen  and  solid  carbonic  acid  demonstrated  that  a  cooling  to  about 
— 140°  C.  causes  glass  to  retain  every  molecule  impacting  upon  it,  and, 
should  this  temperature  be  raised  to  about  ^  180°,  then  repulsion  again  takes 
place  when  the  mercury  molecule  attains  a  velocity  corresponding  to  the 
ordinary  room  temperature.  A  critical  point  thus  appears  to  lie  between 
— 140"  and  — 180°  C.  The  corresponding  points  have  also  been  determined 
for  sal-ammoniac  (below  — 188°  C),  zinc,  cadmium,  and  magnesium  (all 
between  —188°  and  —78°C.),  copper  (between  —860°  and  576°  C),  and 
silver  (above  676°  C).  It  has  also  been  shown  that  the  single  molecules  or 
small  molecular  aggregates  which  adhere  to  glass  may  be  expelled  by  other 
impacting  molecules.  This  is  apparently  closely  connected  with  the  pheno- 
menon of  supersaturation,  and  doubtless  points  to  a  state  of  instability 
consequent  on  slowly  developing  piocesses. 

An  exhaustive  account  of  the  experimental  details  is  given,  illustrated  by 
numerous  diagrams  and  photographs.  H.  H.  Ho. 

1358.  Condensation  and  Reflection  of  Gas  Molecules,  R.  W.  Wood. 
(Phil.  Mag.  82.  pp.  864-871,  Oct.,  1916.)— The  author  previously  showed 
that  a  jet  of  mercury  vapour  in  which  the  molecular  motion  was  restricted 
to  one  dimension  is  reflected  from  a  flat  plate  of  glass  approximately  accord- 
ing to  the  cosine  law  [Abs.  1897  (1915)].  It  is  now  found  that  for  various 
substances  there  is  a  sort  of  critical  temperature,  surprisingly  low,  below 
which  condensation  appears  to  occur  at  the  flrst  collision  ;  in  other  words,  the 
chance  of  reflection  is  zero.  For  mercury  this  critical  temperature  is  near 
— 140°,  for  cadmium  about  —  90°,  and  for  iodine  about  —  60°.  Many  details 
as  to  working  and  behaviour  are  given  in  the  paper,  also  four  photographs  of 
the  apparatus  and  effects.  £.  H.  B. 

1359.  Internal  Friction  (Viscosity)  in  Gases.  I.  The  Primary  Viscosity 
Coefficient.     M.  B.  Weinstein.     (Ann.  d.  Physik,   50.    6.   pp.  601-654^ 
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Aug.  8,  1916.) — In  his  book  on  Thermodynamics  the  author  has  derived 
an  equation  for  the  viscosity  coe£Bcients  of  gases  based  upon  previous  work 
on  entropy,  which  is  distinguished  from  all  other  formulae  in  that  it  takes 
account  indirectly  of  the  relationship  of  the  specific  heats  and  number  of 
atoms,  in  addition  to  the  usual  quantities  of  density,  pressure,  temperature, 
and  molecular  weight  In  Boltzmann's  book  the  equation  has  been  some- 
what generalised.  In  the  present  paper  the  author  gives  a  further  investiga- 
tion which  attains  the  limitations  imposed  by  the  fundamental  assumptions. 
As  a  consequence  of  establishing  the  theory  as  completely  as  possible  in 
accord  with  present  experience,  the  greater  part  of  the  paper  consists  of 
numerical  calculations  in  support  of  earlier  deductions.  The  theory  itself 
still  depends  on  the  use  of  classical  opinions,  as,  in  spite  of  the  work  of 
Einstein,  Debye,  Sommerfeld,  and  others,  the  author  has  not  succeeded 
in  being  able  to  employ  Planck's  quanta  theory.  In  like  manner  he  has  had 
to  relinquish  improving  the  formulae  for  the  rotation  of  molecules. 

The  author  first  deals  with  his  general  expression  for  the  viscosity  coe£Bcient, 
and  introduces  the  specific  heats  at  constant  volume  and  temperature,  after- 
wards determining  the  relationship  between  the  absolute  temperature  and 
the  forces  due  to  molecular  and  atomic  motions.  For  this  latter  purpose 
four  standpoints  are.  considered  :  (1)  The  internal  and  external  potential  and 
kinetic  energies.  (2)  The  internal  energy  alone.  (8)  The  equation  of  state. 
(4)  The  molar  forces  regarded  as  independent  of  the  nature  of  the  gas. 
The  case  of  a  perfect  monatomic  gas  is  first  taken,  and  all  four  viewpoints 
are  shown  to  give  the.  same  results.  The  dependence  upon  temperature 
receives  detailed  consideration,  since  all  previous  experiments  have  shown 
that  the  viscosity  coefficient  increases  at  a  greater  ratio  than  the  square  root 
of  the  temperature.  Any  theory  in  support  of  a  lower  power  than  the  square 
root  is  unknown  to  the  author.  Various  gases  are  reviewed  both  from  the 
author's  standpoint  and-  those  of  other  investigators,  and  numerous  tables  of 
data  are  given.  It  follows  that  for  the  dependence  of  the  frictional  coeffi- 
cients of  vapours  and  gases  on  the  temperature  a  simple  formula  with  only 
two  constants  cannot  be  universally  established  ;  the  present  theory,  how- 
ever, permits  of  deriving  a  series  of  such  formula  from  which  the  suitable 
one  for  the  particular  case  in  hand  can  be  extracted.  In  most  cases  the  fol- 
lowing simple  formulae  are  the  most  advantageous,  namely,  i|  =  a  »Je{l  -f  6e^^) 
or  i|  =  a  J9{1  -H  be^,  where  n  is  the  viscosity  coefficient,  9  the  absolute 
temperature,  and^  and  b  are  constants.  The  viscosity  coefficients  are  next 
considered  at  constant  temperature,  with  varying  pressures  and  volumes. 
Numerous  cases  arc  taken,  and  results  given  in  great  detail.  Finally  the 
author  investigates  the  dependence  of  the  viscosity  upon  molecular  weight 
and  atomic  number.  Such  dependence  has  already  been  proposed,  but  in 
the  absence  of  a  sufficiently  rigorous  theoretical  basis.  H.  H.  Ho. 

1360.  Internal  Friction  (Viscosity)  in  Gases,  II.  The  Second  Viscosity  Coeffi- 
cient, the  GustaV'Kirchhoff  Thermodynamic-hydrodynamic  Equations,  and  the 
Maxwell  Gas  Theory,  M.  B.  Weinstein.  (Ann.  d.  Physik,  60.  7.  pp.  796- 
814,  Aug.  17, 1916.)— On  the  usual  theory  the  second  viscosity  coefficient  is 
estimated  at  one-third  of  the  primary  in  order  to  make  the  average  of  the 
normal  pressure  equal  to  the  static  pressure,  and  to  establish  for  the  normal 
pressure  the  same  formulae  as  for  the  chief  pressure,  so  that  independence  of 
the  choice  of  coordinate  systems  may  be  achieved.  The  author  proves 
on  thermodynamic  grounds  that  every  relation  n*  =  }i|  is  neither  thermo- 
dynamicaiiy  admissible  nor  even  an  approximate  equation,  and  he  derives 
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an  expression,  m^=^hi  +  h[^  +  i(*  —  l)/(2X/i|  —  1)] ,  where  i|  and  i|i  are  the 
primary  and  secondary  viscosity  coefficients,  k  the  ratio  of  the  specific  heats 
at  constant  pressure  and  constant  volume,  and  X  the  temperature-conductivity. 
This  expression  has  been  derived  from  a  special  case,  but  has  been  estab* 
lished  independent  of  special  conditions.  It  is  shown  that  the  Maxwell  gas 
theory  admits  of  a  second  viscosity  coefficient  which  depends  on  k  and  X/i|. 
The  Poiseuille  problem  also  comes  under  review  as  a  special  case  of 
Maxwell's  theory,  and  affords  an  interpretation  of  the  pressure  components^ 
The  Gustav-KirchhofiF  theory  of  the  thermodynamic-hydrodynamic  gaseous 
equations  contains  as  many  relationships  as  quantities  to  be  determined, 
namely,  six.  By  special  application  to  motions  under  the  conditions  assumed, 
difficulties  arise  in  that  more  equations  are  to  hand  than  quantities  to  be 
determined,  and  here  the  thermodynamic  relationships  play  an  important 
part,  since  they  deviate  in  their  form  completely  from  the  equations  of 
motion.  H.  H*  Ho. 

1361.  The  Method  of  Logarithmic  Isochromes.  C.  Schaefer.  (Ann.  d. 
Physik,  60.  7.  pp.  841-862,  Aug.  17,  I916.)--The  method  was  given  in  a  paper 
by  £.  Benedict  [Abs.  1699  (1916)]  and  consists  in  comparing  photometrically  the 
intensities  of  particular  wave-lengths  of  a  "  black  "  body  whose  temperature 
is  varied  with  those  of  the  same  wave-lengths  in  the  spectrum  of  a  ."  grey  " 
body  at  a  constant  temi>erature  To.  It  is  found  that  there  is  a  linear  relation 
between  log  Ex  and  1/T,  and  that  these  straight  lines,  or  Logarithmic 
Isochromes  (Log.  Isos.)  meet  in  a  common  point,  this  point  corresponding 
to  the  required  temperature  To.  Further  mathematical  treatment  is  given, 
and  it  is  shown  that  the  graphical  method  followed  by  Benedict  can  be 
greatly  improved  upon  by  taking  the  Log.  Isos.  two  and  two  and  employ- 
ing the  method  of  least  squares.  The  method  gives  very  good  results  for 
a  carbon  filament,  but  not  for  a  metal  one.  In  the  latter  case  the  relation 
between  log  Ex  and  1/T  is  linear,  but  the  lines  do  not  intersect  at  the  same 
point  owing  to  the  presence  of  a  correction  involving  X.  The  e£Fect  of 
the  correction  is  to  displace  each  line  a  certain  distance  in  a  direction 
parallel  to  itself.  When  this  is  done  a  common  intersection  point  can  again 
be  obtained,  and  To  determined. 

The  converse  problem — also  discussed  by  E.  P.  Hyde  [Abs.  698  (1916)] — 
is  also  attacked  mathematically,  and  it  is  shown  that  even  if  the  Log.  Isos. 
meet  in  a  common  point  the  source  is  not  necessarily  grey,  and  the  cutting 
point  does  not  necessarily  give  the  temperature  of  the  radiator.  T.  B. 

1362.  Physical  Structure  of  the  Phase  Medium.  M.  Planck.  (Ann.  d. 
Physik,  60.  4.  pp.  886-418,  July  18,  1916.)— Since  the  meeting  of  the  first 
Solvay  Congress  in  Brussels,  Poincare,  who  then  opposed  the  newly  proposed 
quanta-hypothesis  according  to  which  a  system  with  several  degrees  of 
freedom  must  be  divided  into  quanta,  has  placed  the  most  severe  obstacles 
against  its  development.  The  author  now  believes  himself  to  have  given,  in 
the  present  communication,  an  answer  carrying  a  certain  amount  of  general 
significance.  In  order  to  achieve  his  object  a  certain  physical  structure  has 
to  be  attributed  to  the  phase  medium,  which,  without  being  contradictory,  is 
nevertheless  quite  alien  to  classical  dynamics.  The  paper,  subdivided  into 
16  sections,  is  a  mathematical  exposition  defining  the  phase  medium.  Prior 
to  this  publication,  Sommerfeld,  from  the  standpoint  of  the  spectral  lines 
problem,  has  found  the  same  remarkable  results,  so  that  the  author  claims 
hereby  to  have  a  direct  ratification  of  his  theory.  H.  H.  Ho. 
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SOUND. 

1368.  Acoustic  Demonstration  and  Pulse  Theory  of  Radiation,  P.  W. 
Cobb.  (Science,  44.  pp.  1288-284,  Aug.  25,  1916.)— The  following  quickly 
set-up  arrangement  occurred  to  the  author  as  demonstrating  an  analogy  to 
what  is  understood  to  occur  on  the  pulse  theory  of  radiation. 

A  glass  bottle  contains  a  variable  quantity  of  water  to  tune  it  as  a  resonator 
to  a  certain  note.  Its  mouth  is  fitted  with  a  funnel  whose  wide  upper  end  is 
covered  with  paper  tied  on.  On  this  diaphragm  silver  sand  pours  in  a  stream 
from  a  suitable  glass  jet.  Thus  a  series  of  irregular  impulses  are  given  to  the 
paper  and  diaphragm,  and  the  point  of  interest  was  to  observe  if  this  evolved 
the  proper  sound  to  which  the  bottle  was  tuned,  whatever  its  exact  pitch.  It 
was  fpund  that  this  sound  was  feebly  elicited.  E.  H.  B. 

1864.  Period  of  Spherical  Resonator  with  Circular  Aperture,  F.  P. 
White.  (Roy.  Soc,  Proc.  92.  pp.  649-665,  Sept.  1,  1916.)— In  a  paper 
on  the  theory  pf  the  Helmholtz  resonator,  Rayleigh  carried  the  determination 
of  the  wave-length  of  the  fundamental  aerial  vibration  in  a  spherical  vessel 
with  a  small  circular  perforation  to  a  second  approximation  [Abs.  857  (1916)] . 
The  present  author  by  a  slightly  different  assumption,  carries  the 
result  to  a  higher  approximation.  He  thus  obtains  for  the  wave-length 
X  =  T (2S/a)'/» (1  —  0-14824a/c  — 0019617aVc*  +  ...),  where  S  is  the  volume  of 
the  sphere,  c  its  radius,  a  the  small  radius  of  the  aperture.  £.  H.  B. 

1366.  Vibrations  and  Deflections  of  Membranes,  Bars,  and  Plates. 
Rayleigh.  (Phil.  Mag.  82.  pp.  868-864,  Oct.,  1916.)— In  his  "Theory  of 
Sound"  the  author  has  shown  that  any  contraction  of  the  fixed  boundary 
of  a  vibrating  membrane  must  raise  the  pitch,  because  the  new  state  of  things 
may  be  conceived  to  differ  from  the  old  merely  by  the  introduction  pf  an 
additional  constraint.  Based  on  this  principle  a  number  of  relations  are 
here  adduced  as  to  membranes,  bars,  and  plates.  The  paper  is  l^gely 
mathematical.  £.  H.  B. 

1366.  Wolf  Note  in  Bowed  Stringed  Instruments,    C.  V.  Raman.    (Phil. 
*  Mag.  82.  pp.  891-896,  Oct.,  1916.)— A  fuller  account  of  the  work  previously 

dealt  with  [Abs.  1062  (1916)].  E.  H.  B. 

1367.  Sound  Pressure.  F.  Ktistner.  (Ann.  d.  Physik,  60.  8.  pp.  941-964, 
Sept.  6, 1916.) — Full  mathematical  treatment  yielding  some  results  in  accord 
with  Rayleigh's.     [See  Abs.  1297  (1914).]  E.  H.  B, 

1368.  Anomalies  in  Sound  Propagation.  F.  Ndlke.  (Phys.  Zeits.  17. 
pp.  288-287,  July  1,  1916.) — A  paper  supplementary  to  a  previous  one 
dealing  with  the  zone  of  silence  and  second  audible  region  in  the  case 
of  explosions  and  other  intense  sources  of  sound  [see  Abs.  708  (1916)].  Cases 
are  treated  in  which  the  temperature  gradient  is  small  and  large,  and  diagrams 
given  illustrating  each  case.  E.  H.  B. 

1369.  Resonance  and  Interference  Phenomena  in  SeebecKs  Tubes.  K.  L. 
Schaefer.  (Ann.  d.  Physik,  60,  6.  pp.  700-712,  Aug.  8,  1916.)— An  experi- 
mental  paper  dealing  with  the  exact  positions  of  the  maxima  and  minima 
with  the  tube  devised  by  Seebeck  in  1870,  and  giving  directions  for  the  best 
results.  E.  H.  B. 
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ELECTRICITY  AND  MAGNETISM. 

THEORY,  ELECTROSTATICS,  AND  ATMOSPHERIC  ELECTRICITY. 

1870.  Electrodynamics  and  the  Least  Action  Principle.  G.  H.  Livens. 
(Phil.  Mag.  82.  pp.  195-200,  Aug.,  1916.>-~Solutions  have  been  given  by 
Larmor,  Lorentz,  Macdonald,  and  others,  of  the  problem  of  the  complete 
formulation  of  the  laws  of  electrodynamics  by  their  derivation  in  the  form 
of  a  variational  theorem.    The  integral  subject  to  variation  is  in  all  cases 

virtually  the  same,  namely:    j    I  L+  I  loi-^^^""  g^^*}^^  r''  ^^^^^  ^ 

is  the  part  of  the  Lagrangian  function  of  the  systeih  independent  of 
the  field  conditions;  A  is  the  vector  potential  of  the  magnetic  field';  C  is 
Maxwell's  total  current ;  and  E  is  the  electric  force  intensity  at  the  typical 
field  point.  From  analogy  with  the  known  properties  of  electrostatic  fields, 
E*  may  be  assumed  to  represent  the  true  potential  energy  of  elastic  strain 
in  the  ether,  both  as  to  total  amount  and  distribution,  in  which  case  the 
kinetic  energy  of  electric  origin  in  the  ethereal  field  will  be  represented  by 

—  I  {kQ)dv,    But  for  most  applicati9ns  of  electromagnetic  theory  it  is  more 

convenient  to  assqme  the  magnetic  energy,  regarded  for  other  reasons  as 
kinetic,  to  be  distributed  with  the  density  B'/Sw,  where  B  is  the  vector  of 
magnetic  induction.  The  two  expressions  for  the  magnetic  energy  do  not, 
however,  in  the  most  general  case,  agree,  for  as  Macdonald  has  pointed  out 
["  Electric  Waves,"  App.  C]  in  deriving  one  from  the  other  by  integration 
by  parts,  an  integral  over  the  infinite  boundary  is  brought  in  which  is  not 
generally  negligible,  which  raises  a  question  as  to  the  legitimacy  of  the 
procedure.  Larmor  has  attempted  its  justification  [Lond.  Math.  Soc,  Proc. 
(1915)]  by  the  examination  of  a  special  restricted  problem,  and,  on  the  relativity 
tivity  theory,  the  demonstration  can  be  obtained  generally  by  means  of  the 
Minkowski  differential  invariant  theory. 

The  author  has  succeeded  in  obtaining  a  general  formulation  of  the 
general  dynamical  theory  on  the  basis  of  the  more  usual  expression  of 
the  kinetic  energy  in  terms  of  B.    Starting  with  the  Lagrangian  function, 

L  +  I  ^  (B*  —  E»)<fv,  he  overcomes  the  difficulty  arising  from  this  form  of 

function  not  being  explicitly  expressed  in  terms  of  the  independent  co- 
ordinates by  the  use  of  Lagrange's  undetermined  multipliers,  which  makes 
an  explicit  interpretation  of  the  functions  unnecessary.  The  four  scalar 
relations  between  E  and  B  and  the  coordinates  of  the  electrons  require 
four  such  multipliers,  all  functions  of  position  in  the  field.  They  turn  out 
to  be  the  scalar  potential,  and  the  three  components  of  the  vector  potential,  of 
Maxwell's  theory.  The  equations  obtained  by  equating  to  zero  the  coefficients 
of  the  three  virtual  electronic  displacements  and  of  the  two  expressing  con- 
dition variations  in  the  ether  are  found  to  be  E  +  l/c.BA/()/-|- grad^  =  0, 
B  —  curl  A  =  0,  and,  for  each  electron,  three  equations  of  the  type, 

where  ^  is  the  scalar,  and  A  the  vector,  potential.    The  second  simply  identi- 
fies  three  of  the  multipliers— -to  a  numerical  factor — with  the  components 
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of  the  vector  potential,  while  the  others  are  identical  with  those  of  Larmor, 
and  show  that  the  dynamical  equations  determining  the  strain  conditions  of 
the  ether  and  the  motions  of  the  electrons,  are  identical  on  either  form  of  the 
theory.  And  this  covers  the  whole  field  of  physical  activity,  except,  possibly, 
radiation.  For  purely  radiation  portions  of  the  field,  having  their  energy 
equally  divided  between  the  potential  and  kinetic  types,  this  is  unrepresented 
in  the  generalised  Lagrangian  function  of  the  S3rstem.  Thus,  from  the  point 
of  view  of  the  dynamics  of  the  electron,  the  purely  radiation  portions  may  he 
omitted,  and  this  procedure  will  secure  the  analytically  necessary  localisation 
of  the  fields,  which  is  essential  to  the  mathematical  developments  of  either 
form  of  the  theory,  and  it  removes  the  origin  of  the  discrepancy  between  the 
two  elements  of  the  magnetic  energy  in  the  field.  It  would  thus  justify  a 
further  simplification  of  the  problem  by  restricting  it  to  stationary  or  quasi- 
stationary  motions,  and  fully  confirms  the  generality  of  Larmor's  procedure. 

G.  W.  DE  T. 

1371.  Existence  of  Sub-electrons  f  R.  A.  Millikan.  (Ann.  d.  Physik,  60. 
7.  pp.  729-768,  Aug.  17, 1916.) — An  historical  and  critical  survey  of  the  idea 
of  an  elementary  quantity  of  electricity  with  special  reference  to  the  question 
as  to  the  possible  existence  of  a  sub-electron.  The  author's  chief  conclusions 
may  be  summarised  as  follows :— (1)  Ehrenhaft  has  only  made  approximate 
tests  as  to  whether  the  Einstein- Brownian  motions  for  his  particle  gave  the 
same  value  of  N^  as  electrolysis.  The  author's  work  proved  it  for  mercury 
particles  of  radius  2*5  X  10~'^  Fletcher  and  Eyring  found  a  good  agreement 
with  oil  spherules  of  about  the  same  size.  It  appears  probable  that  the 
equation  is  valid  for  Ehrenhaft's  partiple  also  if  it  were  exactly  tested.  (2)  This 
rejection  of  the  equation  has  no  relation  to  the  question  as  to  the  existence 
of  sub-electrons.  It  signifies  simply  that  the  Einstein  equation  in  gases  is 
not  applicable  to  all  particles  of  that  magnitude.  (8)  All  Ehrenhaf  t's  results 
may  be  explained  easily  by  the  supposition  that  he  made  false  assumptions 
as  to  the  density  and  spherical  form  of  his  particles.  Even  if  these  assump- 
tions were  correct  his  case  would  not  be  proved.  It  would  dimply  show 
that  he  had  a  false  law  of  fall  in  a  gas  for  his  extremely  small  charged  par- 
ticles. (4)  Up  to  the  present,  in  the  author's  view,  no  proof  has  been  given 
for  the  existence  of  sub^^lectrons.  E.  H.  B. 

1372.  Influence  of  Earth* s  Motion  on  Self-induction.  A.  v.  Schiitz.  (Phys. 
Zeits.  17.  p.  891,  Aug.  16,  1916.)— A  general  discussion  on  the  possibility  of 
such  an. influence.  E.  H.  B. 

1373.  Some  Problems  of  Atmospheric  Electricity.  G.  C.  Simpson. 
(Monthly  Weather  Rev.  44.  pp.1 116-122,  March,  1916.)— The  paper  com- 
mences with  a  discussion  of  the  general  principles  which  govern  the  distribu- 
tion of  electricity  on  the  surface  of  the  earth  and  in  the  atmosphere.  The 
author  then  considers  various  problems  which  in  the  present  state  of  our 
knowledge  remain,  unsolved.  (1)  The  presence  of  free  ions  in  the  atmo- 
sphere is  generally  considered  to  be  due  to  the  action  of  radio-active  matter. 
The  amount  of  the  radio-active  matter  present  in  the  earth  and  the 
atmosphere  is  here  compared  with  the  number  of  ions  per  cm."  in  the  air,  and 
it  is  found  that  over  land  the  existence  of  the  ions  can  be  satisfactorily 
accounted  for  in  this  way.  On  the  other  hand,  the  number  of  ions  over  the 
sea  is  about  three  times  that-whicl^  we  should  expect  to  find  on  this  theory. 
It  is  concluded  that  the  radio-active  theory  of  the  ionisation  of  air  over  oceans 
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is  not  satisfactory.  Problem  (2)  is  connected  with  the  earth's  penetrating 
radiation.  If  air  is  placed  in  a  closed  box  and  freed  from  all  radio-active 
matter  it  is  found  that  ionisation  still  goes  on,  and  this  can  only  be  ascribed 
to  7-radiation  which  penetrates  the  walls  of  the  box.  It  is  found  that  the 
y-radiation  from  the  earth  is  capable  of  producing  8  ions  per  cm.'  per  sec, 
and  that  there  is  a  further  radiation  coming  from  above  which  produces  2  per 
cm.'  per  sec.  near  the  ground-leveL  This  is  too  large  to  be  accounted  for  by 
the  radio-active  emanation  in  the  atmosphere.  Further,  balloon  observations 
show  that  the  rate  of  production  of  ions  in  the  closed  box  begins  above  a 
certain  height  from  the  ground  to  increase  rapidly,  and  at  6000  m.  height  80 
more  ions  per  cm.'  per  sec.  are  produced  than  at  the  surface  of  the  earth. 
This  jcan  only  be  due  to  some  radiation  coming  from  the  sky.  At  present  no 
satisfactory  explanation  is  forthcoming  of  this  penetrating  sky  radiation. 
(8)  The  third  problem  dealt  with  is  the  well-known  one  of  the  origin  and 
maintenance  of  the  earth's  negative  charge.  Most  of  the  existing  theories  on 
this  subject  are  considered  unsatisfactory  by  the  author,  who  here  goes  into 
the  problem  in  some  detail.  He  makes  a  suggestion  that  possibly  a  solution 
may  be  found  on  the  following  lines.  It  has  been  demonstrated  that  the 
ratio  of  the  mass  to  the  electrical  charge  of  a  moving  body  varies  with  its 
velocity,  and  More  has  suggested  that  it  is  not  the  mass  that  varies  but  the 
electrical  charge.  The  present  author  points  out  that,  using  this  hypothesis, 
if  the  velocity  of  the  earth,  relative  to  the  centre  of  gravity  of  the  universe  is 
changing,  the  charge  which  appears  on  the  surface  and  which  is  continually 
passing  away  through  the  atmosphere  may  be  the  consequence  of  this  change 
of  velocity.  (4)  The  fourth  problem  concerns  the  nature  of  ball  lightning. 
Strutt  has  shown  that  by  means  of  an  electric  discharge  a  mass  of  nitrogen 
can  be  put  into  a  state  in  which  it  continues  to  glow  for  some  time  after  it  has 
been  removed  from  the  electric  field.  The  author  suggests  that  the  body  of 
the  ball  lightning  may  be  some  gas  made  to  glow  in  this  way  by  the  intense 
discharge  of  a  lightning-flash.  The  paper  concludes  with  a  discussion  of  the 
nature  and  origin  of  the  aurora.  J.  S.  Di. 

1374.  PyrO'  and  Piezo-eleclricity  of  Crystals.  W.  Voigt.  (Phys.  Zeits.  17. 
pp.  287-298,  July  1,  and  pp.  807-818,  July  15, 1916.)— The  first  of  these  papers 
deals  with  the  properties  of  the  central  symmetrical  excitations,  the  second 
with  the  influence  of  the  absolute  value  of  the  dielectric  moment  on  the 
observable  phenomena.  Both  are  largely  mathematical.  [See  Abs.  1749 
(1915).]  E.  H.  B. 

DISCHARGE  AND  OSCILLATIONS. 

1376.  The  Square-root  Law  of  Alkali  Flames  and  the  Theory  of  Flame  Con- 
duction. E.  Marx.  (Ann.  d.  Physik,  50.  5.  pp.  521-554,  July  25, 1916.)— The 
author  has  previously  determined  a  special  law  for  the  observed  drift  velocity 
of  negative  carriers  of  electricity  in  flames  from  measurements  of  the  Hall- 
effect  The  velocity  v  of  the  negative  carriers  is  inversely  proportional  to  the 
square  root  of  the;  atomic  weight  of  the  alkali  metal  in  the  flame,  that  is, 
V  y/{A)  =  const  Later  Moreau,  independently  and  by  quite  different  methods, 
obtained  confirmatory  evidence  of  the  truth  of  this  law.  In  the  present  paper' 
an  equation  for  the  observed  drift  velocity  is  given  which  shows  that,  in 
accord  with  "previously  obtained  results  of  Marx  and  Moreau,  the  observed 
negative  drift  velocity  is  inversely  proportional  to  the  square  root  of  the 
atomic  weight  of  the  metal  atoms  in  the  flame,  and,  further,  that  the  observed 
drift  vekxnty  is  inversely  proportional  to  the  square  root  of  the  concentration. 
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The  observed  drift  velocity  of  the  free  positive  metal  atom,  which  drifts 
without  a  nucleus,  is  independent  of  the  atomic  weight.  These  light-metal 
atoms  carry  in  the  mean  manifold  charges.  The  Arrhenius  relationship 
between  the  current  and  atomic  weight  of  the  metal  atoms  in  the  flame, 
obtained  also  independently,  and  in  quite  a  different  form,  by  Smithells, 
Wilson,  and  Dawson,  can  be  understood  by  taking  the  field  distributioh  into 
consideration,  and  shows  that  the  emission  of  electrons  from  the  alkali  atom 
is  proportional  to  the  atomic  weight.  The  drift  velocity  in  the  flame  is 
inversely  proportional  to  the  square  of  the  pressure,  not  to  the  pressure  itself* 
The  experiments  of  Andrade  are  in  accord  with  the  result. 

The  theory  of  conduction  in  flames  is  developed  on  the  basis  of  the 
above  h3rpothesis  by  taking  the  field  distribution  into  consideration. 

A.  E.  G. 

1876.  Photoelectric  Effect  on  Thin  Films  of  Platinum.  J.  Robinson. 
(Phil.  Mag.  82.  pp.  421-425,  Oct.,  I916.)--The  photoelectric  current  from  thin 
films  of  Pt  d6es  not  increase  uniformly  with  the  film  thickness,  but  increases 
graduaUy  at  first,  then  suddenly  increases  rapidly,  after  which  it  falls  again. 
This  applies  whether  the  incident  or  emergent  effect  is  considered,  i.e, 
whether  the  light  falls  on  the  film  before  or  after  passing  the  supporting 
quartz  plate.  For  thicknesses  below  about  10~^  cm.  (where  the  current  is  a 
maximum)  the  emergent  effect  is  larger  than  the  incident  both  as  regards 
currents  and  velocities.  Partzsch  and  Hallwachs  showed  that  more  light  is 
absorbed  by  the  film  in  the  emergent  case  than  in  the  incident.  This  shows 
the  necessity  for  further  work  to  find  (1)  what  is  the  asymmetry  of  the 
currents,  emergent  and  incident,  when  unit  quantity  of  light  is  absorbed  in 
each  case,  and  (2)  whether  for  very  thin  films  the  absorption  of  light  varies 
with  the  thickness  in  a  way  similar  to  that  of  the  current.  The  present  work 
attempts  to  obtain  information  on  these  points. 

In  order  to  find  the  light  absorbed  by  the  film,  it  is  placed  in  a  nearly 
closed  metallic  cylinder  and  a  beam  of  ultra-violet  radiation  projected 
through  a  Small  inlet  on  to  the  film.  Very  little  light  which  enters  the  vessel 
can  escape  again.  Light  which  is  not  absorbed  by  the  film  is  absorbed  by 
the  walls  pf  the  vessel :  the  amount  absorbed  by  the  film  is  given  by  sub- 
tracting from  the  total  light  that  absorbed  by  the  vessel.  This  last  is  propor- 
tional to  the  photo-currents  from  its  walls,  and  the  total  light  to  the  current 
from  the  wall  when  the  film  thickness  is  zero.  Hence  by  measuring  the 
currents  from  the  walls  for  different  film  thicknesses  a  curve  can  be  con- 
structed connecting  the  light  absorbed  by  the  film  (in  arbitrary  units)  and  the 
film  thickness.  This  increases  uniformly  with  the  thickness.  The  curve  for 
current  from  film  and  thickness  of  film  is  of  the  usual  type.  It  is  evident 
then  that  the  large  photo-current  at  thickness  10~^  cm.  is  not  produced 
by  abnormal  absorption  of  light.  A  curve  is  also  given  of  the  photo-current' 
per  unit  of  light  absorbed,  and  the  max.  value  of  the  current  is  still  more  pro- 
nounced. The  photoelectric  sensitiveness  of  Pt  is  thus  very  large  for  films 
of  the  order  of  10-^  cm.  T.  H. 

1377.  lonisation  of  Metallic  Vapours  in  Flames.  J.  C.  McLennan  and 
D.  A.  Keys.  (Roy.  Soc,  Proc.  92.  pp.  591-608,  Oct  2,  1916.)— The  experi- 
'  ments  here  described  show  that  mercury  vapour  which  is  fed  into  the  flame 
of  a  Bunsen  burner  is  ionised,  and  the  radiation  from  the  vapour  consists  of 
light  of  wave-length  X  =  2586*72.  Zinc  vapour,  when  injected  into  Bunsen 
flames,  is  not  ionised,  and  does  not  emit  any  light  characteristic  of  the 
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spectrum  of  zinc  A  Bonsen  flame  which  is  supplied  with  cadmium  vapotir 
emits  light  of  wave-leugth  Xss  81200-17  when  the  intensity  of  the  flame  is 
weak,  and  when  burning  strongly  it  emits  light  of  wave-length  X  as  ^288-79 
as  well.  The  cadmium  vapour  in  such  flames  does  not  appear  to  be  ionised. 
Magnesium  vapour  which  is  fed  into  the  flame  of  a  Bunsen  burner  emits 
light  of  wave-length  X  =  2852*22,  and  the  vapour  in  the  ^flame  is  ionised. 
Thallium  vapour,  when  fed  into  a  Bunsen  flame,^becomes  strongly  ionised, 
and  under  these  circumstances  emits  light  of  wave-lengths  X  =  5850'65  and 
X  =  8776*87.  The  combined  results  of  the  investigation  neither  conclusively 
support  nor  definitely  tend  to  invalidate  Bohr's  theory  of  atomic  structure. 
[See  Abs.  1408  (1916).]  A.  W. 

1378.  Residual  lonisation.  K.  H.  Kingdon.  (PhiL  Mag.  82.  pp.  896- 
409,  Oct.,  1910.)— In  these  experiments  it  is  shown :— (1)  That  the'  high 
residual  ionisation  in  acetylene  prepared  from  calcium  carbide  is  due  to  the 
presence  of  slight  traces  of  radium  emanation.  (2)  That  only  a  portion  of  the 
ultimate  residual  ionisation  in  gases  can  be  due  to  the  collisions  of  thermal 
agitation.  (8)  A  formula  for  the  number  of  collisions  per  cm.'  per  sec 
producing  ionisation  has  been  devised  which  is  in  qualitative  agreement  with 
experimental  facts.     [See  Abs.  1448  (1916).]  £.  H.  H. 

1379.  Velocity  of  Secondary  Kathode  Rays  emitted  by  a  Gas  under  the  Action 
of  High-speed  Kailwde  Rays,  M.  Ishino.  (Phil.  Mag.  82.  pp.  202-222,  Aug., 
1916.) — ^The  author  has  investigated  the  distribution  of  the  velocities  of  the 
secondary  kathode  rays  emitted  from  air  and  hydrogen  under  the  action 
of  kathode  rays  having  velocities  ranging  from  7000  to.  16,000  volts.  It  is 
found  that  the  corpuscles  are  emitted  with  velocities  varying  from  0  up  to 
1000  volts,  but  that  about  90  %  of  them  have  velocities  less  than  40  volte. 
The  distribution  of  the  velocities  of  the  secondary  kathode  rays  is  almost 
independent  of  the  velocity  of  the  primary  kathode  rays,  and  it  is  approxi- 
mately the  same  for  air  and  for  hydrogen.  The  distribution  curve  may 
be  represented  by  the  empirical  formula  y^Qx^  over  a  range  from 
^r  =  40  volts  to  ^  =s  700  volts,  where  y  indicates  the  relative  number  of  the 
secondary  kathode  rays  emitted  with  velocities  greater  than  x  volts,  and  a  is 
a  constant  diflering  but  slightly  from  unity.  The  value  of  this  constant 
is  therefore  in  accordance  with  the  theory  of  ionisation  given  by  }.  J.^ 
Thomson  [Abs.  1084  (1912)].  Some  points  of  similarity  between  the 
secondary  kathode  rays  from  a  gas  and  from  a  metal  are  mentioned.  £.  A.  O. 

1380.  Experiments  with  Electron  Currents  in  Different  Gases.  I.  Mercury 
Vapour,  O.  W.  Richardson  and  C.  B.  Bazzoni.  (Phil.  Mag.  82. 
pp.  426-440,  Oct.,  1916.) — Measurements  were  made  of  electron  currents 
flowing  in  mercury  vapour  under  measured  p.d's  from  an  incandescent 
tnngsten  filament  to  a  cold  anode  of  nickel  wire.  The  photoelectric  effect  of 
the  radiation  from  the  discharge  was  also  examined.  Curves  showing  the 
relation  between  current  and  p.d.  are  given.  For  low  filament  temperatures 
the  current,  for  low  voltages,  increases  at  a  rate  greater  thaA  the  first  power 
of  the  voltage,  but  at  liigher  potentials  assumes  a  saturation  value.  For 
higher  filament  temperatures  the  type  of  curVe  is  similar  for  p.d.'s  up  to 
about  20  volts,  but  here  a  discontinuity  occurs,  a  "  kick-up  "  of  the  current 
appearing  when  the  voltage  is  raised.  Thus,  in  one  case,  when  the  driving 
potential  rose  to  22  volts  the  current  suddenly  jumped  from  180  microamps. 
to  1100  microamps.    At  the  same  time  the  resistance  to  the  discharge  fell  so 
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that  only  21  volts  was  required  to  maintain  the  larger  current-  On  lowering 
the  voltage  the  large  current  was  maintained  below  21  volts,  but  when 
17  volts  was  reached  the  current  suddenly  dropped  to  the  lower  curve  again 
and  the  p.d.  rose  to  19  volts  owing  to  the  increased  resistance  of  the  gap. 
The  magnitude  of  this  kick  of  the  current  depends  on  the  pressure  of  mercury 
vapour  as  well  as  on  the  temperature  of  the  filament  At  low  and  high  vapour 
pressures  the  kick  is  small,  and  is  a  mayimnm  for  some  intermediate  pressure. 
Increasing  the  filament  temperature  or  the  mercury  vapour  pressure  also 
lowers  towards  a  limiting  value  the  potential  at  which  the  kick  occurs.  The 
lowest  value  of  the  p.d.  necessary  to  maintain  the  discharge  in  a  state 
corresponding  to  the  upper  part  of  the  curve  is  11'5  volts,  and  it  therefore 
appears  necessary  that  the  electrons  should  be  able  to  acquire  energy 
equivalent  to  a  fall  through  a  p.d.  close  to  this  value  for  the  discharge  to  be 
maintained  in  this  state.  This  is  nearly  the  sum  of  the  kathode  and  anode 
potential-drops  in  the  ordinary  luminous  mercury  arc.  With  small  potential 
diflPerences,  v,  the  currents  are  roughly  proportional  to  t^,  Langmuir  has 
accounted  for  this  when  the  gas  pressure  is  very  low,  but  his  assumption  that 
the  electrons  move  freely  between  the  electrodes  without  interference  or 
collisions  with  gas  molecules  is  not  satisfied  with  pressures  of  the  order  of 
1  mm.  The  authors  show  that  with  monatomic  gases  for  low  p.d.'s  a  similar 
result  is  to  be  expected  even  at  high  pressures. 

With  pressures  of  the  order  of  O'OOl  mm.  of  mercury  there  is  no  evidence 
of  any  visible  discharge,  but  when  the  current  jumps  to  the  higher  curve  a 
large  photoelectric  emission  sets  in.  With  certain  filament  temperatures 
a  very  small  emission  can  be  detected  before  the  jump  up,  but  it  is  difficult 
to  be  sure  that  the  small  effects  are  not  due  to  hydrogen  or  some  other 
contaminant  present  in  quantities  not  spectroscopically  detectable.  When 
hydrogen  is  present  (as  before  loccluded  gases  are  completely  eliminated)  it 
is  found  that  a  considerable  emission  of  ultra-violet  radiation  sets  in  at  the 
small  potential  differences. 

At  pressures  greater  than  0:01  mm.  the  jump  up  of  the  current  is  always 
accompanied  by  the  establishment  of  a  visible  glow  discharge  and  a  vigorous 
ultra-violet  emission,  but  no  emission  could  be  detected  at  potentials  less  than 
that  at  which  the  glow  sets  in.  The  behaviour  of  this  glow  with  changes  in 
potential  across  the  discharge  is  studied  in  some  detaiL  Spectroscopic 
examination  of  the  glow  was  also  made  to  see  if  there  is  any  difference 
in  the  potentials  necessary  to  excite  different  lines  of  the  mercury  spectrum, 
especially  the  strong  lines  4858  and  6460.  No  such  effect  was  found.  The 
potentials  required  to  excite  the  lines  mentioned  are  identical  to  within 
1/10  volt.  By  the  quantum  theory  the  equivalent  voltage  difference  of  the 
two  lines  is  8/10  volt.  This  indicates  that  the  lines  of  the  mercury  arc 
spectrum  are  not  separately  excited  by  single  electron  impacts,  one  for  each 
line,  but  are  the  result  of  a  complex  change  set  up  in  the  atom  affecting 
a  large  number  of  electrons  simultaneously.  T.  H. 

1381.  Mean  Free  Path  of  an  Electron  in  a  Gas  and  its  Minimum  Ionising 
Potential.  K.  T.  Compton.  (Phys.  Rev.  8.  pp.  886-890,  Oct,  1916.)— 
There  is  a  certain  gas  pressure  for  which  the  current  through  an  ionised  gas 
reaches  a  max.  value.  This  value  of  the  pressure  may  be  calculated  by  each 
of  the  various  theories  of  ionisation  by  collision  and  compared  with  the 
observed  values.  Such  a  test  of  the  theories  has  an  important  advantage  over 
the  usual  comparison  of  predicted  and  observed  values  of  a,  in  that  it  is  inde- 
pendent of  the  distance  between  the  electrodes  in  the  gas  and  is  therefore 
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not  subject  to  the  error  in  calculating  o  introduced  by  the  fact  that  all  the 
electrons  leaving  the  kathode  travel  a  certain  distance  through  the  gas  before 
any  of  them  acquire  the  minimum  ionising  velocity. 

The  author  uses  equations  recently  proposed  by  him  and  deduces  the 
relation  ^«.NVo/:r  =  0-666,  where /»«,  is  the  gas  pressure  at  which  the  current 
through  the  gas  is  a  maximum,  N  the  number  of  collisions  made  by  the  ion 
per  cm.  in  a  gas  at  1  mm.  pressure,  V©  the  minimum  ionising  potential,  and 
X  the  electric  intensity.  N V©  is  Stoletow's  constant.  Partzsch's  experimental 
values  of  p^  for  different  gases  in  various  electric  fields  are  used  to  test  this 
relation  by  calculating  NVo.  T^ere  is  a  remarkable  constancy  of  the  product 
deduced  from  different  measurements  on  the  same  gas.  It  is  also  in  agree- 
ment with  the  values  of  NV9  found  in  previous  papers. 

Some  experimental  determinations  of  N,  which  are  still  being' made, 
indicate  that  it  is  not  a  simple  function  of  the  mean  free  path  of  a  gas 
molecule  nor  of  the  molecular  dimensions  as  calculated  by  the  kinetic  theory. 
It  also  depends  on  the  work  done  on  the  electron  as  it  approaches  a  molecule 
and  on  the  nearness  of  its  approach,  and  therefore  on  the  law  of  force 
between  electrons  and  molecules.  T.  H. 

1382.  Luminosity  of  Positive  Column  in  Gases  at  Low  Pressures.    H.  A. 
Wilson.     (Phys.  Rev.  8.  pp.  278-284,  Sept.,  1916.)— In  the  positive  column 
the  current  is  carried  by  negative  electrons  and  positive  ions,  present  in 
nearly  equal  numl^rs.    As  the  velocity  of  the  former  is  so  much  the  greater 
the  current  is  praoically  all  carried  by  the  electrons.    If  i  be  the  current  and 
e  the  charge  on  each  electron,  ije  gives  the  number  of  electrons  passing  per 
sec.  through  any  cross-section  of  the  positive  column.    Assume  that  the 
emission  of  any  particular  spectral  line  is  due  to  collisions  between  the  elec- 
trons and  the  molecules,  but  that  these  collisions  do  not  cause  any  emission 
unless  the  velocity  of  the  electrons  be  greater  than  a  certain  value.    Also 
assume  that  the  amount  of  light  emitted  is  proportional  to  the  number  of 
collisions  which  produce  emission.    Let  X  be  the  mean  free  path  of  the 
electrons ;  ileX  will  be  the  number  of  free  paths  per  sec.  in  one  cm.  of 
the  positive  column. .   Let  x  be  the  shortest  free  path,  which  can  give  rise 
to  emission;   then  the  number  of   free  paths,  per  sec.  per  cm.  of  the 
positive  column,  which   can  give  rise  to  emission  is  M--»^A/eX,  and   the 
emission  should  be  proportional  to  ir-^/^/«\.    Assume  that  the  energy  of  an 
electron  at  the  end  of  a  free  path  x  is  proportional  to  xX,  where  X  is  the 
potential  gradient ;   this  would  be  the  case   if  the  electrons  lost  all  their 
energy  at  each  collision.    Let  4:X=V,  a  constant ;  and  let  X-* = C^  x  278  X  ^S 
where  C  is  the  number  of  mean  free  paths  per  cm.  at  1  mm.  Hg  pressure 
'  and    (f  C,  p  the  gas  pressure,  and  0  the  absolute  temperature.     Then 
(ic-»/^)/tfX=(278Cj^//d>)r-vc.|T»/xtf.  and  if  I  betheamount  of  lightof  wave-length 
X  emitted  by  the  positive  column  per  sec,  we  have  I=A(278^i7e)r-8'8VC^/x*. 
Then  let  /=sthe  temperature  in  deg.  C,  =0—278,  and  write  (278-hO/278=s/; 
we  have  I  =z  A{pHf) .  r-^<^P^.     From  this,  log^I//i»  =  log«A -(CV^/X^. 
Therefore  \ogt(lflip)  should  be  a  linear  function  of  (pfXf)  and  the  slope  of 
the  line  should  be  CV.    Hence,  if  we  know  I,  p,  i,  X  and  /  we  should  be  able 
to  determine  CV  :  and  if  C  be  known  we  can  calculate  V.    Experiments  to 
test  this  were  made  on  helium,  nitrogen,  hydrogen,  and  mercury  in  hydrogen, 
with  confirmatory  results.    The  values  of  CV  obtained  were  He,  X  =  6876, 
CV  =r  10 ;  N,  6016,  96 ;  H,  6662, 180  ;  Hg  in  H,  6461,  180.    It  appears  that 
an  electron  can  cause  a  molecule  of  nitrogen  to  emit  light  when  the  electron's 
energy  is  less  than  the  average  energy  required  to  ionise  the  molecule.    The 
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small  value  of  CV  found  in  helium  is  no  doubt  due  to  the  electrons  not  losing 
all  their  energy  on  collisions,  but  accumulating  it  until  it  becomes  sufi^ent 
to  produce  ionisation,  and  the  apparent  free  path  is  therefore  very  long, 

so  that  C  is  very  small.  A.  D. 

.^ 

1388.  Discharge  in  a  Magnetic  Field,  A.  Righi.  (Accad.  Scl.  Bologna, 
Mem.  [Ser.  VII]  8.  [22  pp.]  1915-16.y— In  previous  experiments  (Accad.  Sci. 
Bologna,  Rend.,  May  29, 1910 ;  Mem.  March  26, 1911)  the  author  had  found  that 
a  magnetic  field  profoundly  modified  the  sparking-potential  and  the  sparking 
distance  of  a  discharge  in  rarefied  air.  He  obtained  characteristic  curves  for 
strength  of  field  and  the  potential  necessary  to  initiate  a  discharge.  In 
general  as  the  strength  of  field  rises  the  required  p.d.  falls  to  a  minimum, 
then  rises  to  a  maximum,  and  again  falls  o£F.  The  tubes  used  in  the  first 
series  of  experiments  had  long  parallel  electrodes ;  the  form  ultimately  used 
in  the  second  series  had  coaxial  cylinders.  The  e£Fect  of  residual  ionisation 
perturbed  the  results  of  successive  experiments  on  the  same  tube.  Since  the 
characteristic  curve  has  the  form  indicated,  a  given  p.d.  (ordinate)  may  cut  it 
or  not  according  to  the  strength  of  the  magnetic  field  ;  and  a  given  p.d.  may 
thus  correspond  to  two  or  more  strengths  of  field  as  representing  the 
minimum  p.d.  capable  of  initiating  a  discharge.^  Therefore  we  may  have, 
as  the, strength  of  the  field  rises,  that  a  given  p.d.  is  first  found  inadequate  to 
cause  a  discharge  ;  then  a  discharge  abruptly  commences  and  is  maintained 
throughout  a  certain  range  of  strength  of  field,  but  abruptly  breaks  off  when 
the  field  has  attained  a  certain  higher  value.  It  is  not  sflkcient  to  consider 
the  deviations  undergone  by  the  ions  and  electrons ;  another  action  comes  into 
play,  and  this  is  the  author's  ^lagneto-ionisation,  the  resultant  effect  of  a  feeble 
magnetisation  of  the  gas  ;  the  resultant  force  is  directed  outwards  along  the 
radius  of  the  trajectory.  This  weakens  the  force  which  holds  the  electron  in 
its  orbit,  and  thus  favours  ionisation  by  impact.  The  electric  field  also  has 
an  analogous  effect.  The  mutual  inclination  of  the  two  fields  might  be 
expected  to  modify  the  results,  according  to  whether  the  impinging  electron, 
driven  by  the  electric  field,  caught  the  gas-atom  in  the  plane  or  at  right  angles 
to  the  plane  of  rotation  of  its  electrons  or  any  of  theip.  ExperimenCs  were 
made  to  test  these  and  similar  conclusions.  They  were  made  with  tubes 
having  parallel  electrodes  far  from  one  another. .  With  electrodes  120  cm. 
apart  with  a  p.d.  of  5200  volts  between  them,  a  magnetic  field  being  applied 
longitudinally  at  the  centre  of  the  tube  through  a  length  of  5  cm.,  it  was 
found  that  the  discharge  began  when  the  field  came  up  to  4900  gauss,  the  air 
in  the  tube  being  under  a  pressure  of  0*20  mm. ;  but  if  the  magnetic  field  be 
transverse  to  the  tube  (at  its  centre)  the  effect  is  opposite  and  the  field 
hinders  the  discharge.  The  results  are  opposite  to  what  would  have  been 
anticipated  had  the  deviation  of  moving  particles  by  the  field  been  the  only 
factor  to  consider ;  the  effect  of  this  is  overpowered  by  the  magneto-ionisation 
effect,  until  the  strength  of  the  magnetic  field  slttains  a  certain  value.  Slight 
changes  in  the  pressure  of  the  gas  give  rise  to  considerable  changes  in  the 
form  of  the  characteristic  curve.  As  the  p.d.  necessary  to  initiate  a  discharge 
falls  to  a  minimum  when  the  strength  of  the  magnetic  field  rises,  so  at  the 
same  time  the  current  produced  by  a  given  impressed  p.d.  rises  to  a  maximum ; 
whence  measuring  the  current  offers  a  ready  means  of  tracing  out  the  trend 
of  the  characteristic  curve.  A.  D. 

ISS^.  Theory  of  Glow  Discharge.  VI.  R.  Holm.  (Phys.  Zeits.  17.  pp.  402- 
406,  Sept.  I,  1916.)— The  sixth  of  a  series  of  papers.  The  present  one  is 
largely  mathematical  and  derives  formulae  and  points  out  agreement  with  the 
observations  of  J.  Stark  (1901)  and  of  N.  Hehl  (1902).     .  ^.  H.  B. 
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1385.  fUciric  Wave  Transmission  on  the  Earth's  Surface,  fi.  M.  Mac- 
donakl.  (Roy.  Soc.,  Proc.  92.  pp.  498-600,  Aug.  1, 1916.)— Love  has  found 
the  value  of  the  magnetic  force  at  a  point  on  the  earth's  surface,  due  to  a 
simple  oscillator  placed  on  the  surface  with  the  axis  normal  thereto,  at 
certain  distances  from  the  source,  for  a  wave-length  of  5  km.  [Abs.  1109  ~ 
(1916)].  For  the  case  of  perfect  conductivity  his  results  agree  with  those 
obtained  by  the  author  [Abs.  1818  (1914)],  and  he  has  also  calculated  the 
sum  of  the  corresponding  series  for  the  case  of  imperfect  conductivity.  The 
author  here  obtains  a  general  formula  in  which  imperfect  conductivity  is 
taken  into  account.  At  distances  from  the  source  for  which  the  first  terms  of 
the  series  gives  a  sufficient  approximation  to  the  value  of  the  magnetic  force, 
the  efiEect  of.  imperfect  conductivity  is  to  multiply  the  amplitude  of  the 
magnetic  force  for  perfect  conductivity  by  a  factor  which  increases  with 
the  angular  distance  from  tho  oscillation  and  diminishes  as  the  wave-length 
increases.^  The  effect  of  the  second-order  terms  is  to  decrease  this  factor. 
When  these  are  neglected  the  values  of  the  factor  for  a  wave-length  of  6  km. 
agree  with  the  results  obtained  by  Love  for  angular  distances  of  6°,  9°,  12°,  18° 
from  the  oscillator,  but  there  is  a  discrepancy  in  the  values  corresponding 
to  16°.  For  distances  not  exceeding  4000  km.  the  effect  of  imperfect  conduc* 
tion  is  to  increase  the  amplitude  of  the  magnetic  forces  by  an  amount  not 
exceeding  6*6  %.  If  it  can  be  assumed  that  the  value  10^^  for  the  specific 
conductivity  of  sea-water,  as  used  in  the  calculation,  is  of  the  right  order  in 
the  case  of  very  long  waves,  then  it  will  follow  that  the  effect  of  the  imperfect 
conductivity  of  the  sea-water  on  the  transmission  of  such  waves  over  its 
surface  is  practically  negligible.  G.  W.  de  T. 

1386.  Theory  of  Electric  Oscillations,  P.  Duhem.  (Comptes  Rendus, 
162.  pp.  816-820,  May  29,  1916.)— The  author  here  develops  some  general 
theories  from  which  the  important  conclusion  is  deduced  that  a  true  electric 
oscillation  cannot  be  excited  in  any  system  containing  conductors,  so  that 
there  is,  strictly  speaking,  no  such  thing  as  electric  resonance  in  such  a 
system.  The  observed  phenomena  can  be  represented  approximately  only 
by  a  theory  of  resonance.  G.  W.  de  T. 

1387.  Law  of  Response  of  the  Silicon  Detector,  L.  S.  McDowell  and  F.  G. 
Wick.  (Phys.  Rev.  8.  pp.  188-141,  Aug.,  1916.)— The  authors  have  made  a 
study  of  the  silicon  detector  designed  by  Merritt  in  order  to  determine  (i)  the 
best  working  conditions,  and  (ii)  the  law  of  response  with  a  variation  in  the 
energy  of  the  incident  wave,  produced  by  the  rotation  of  a  screen  of  parallel 
wires.  The  oscillator  consisted  of  a  small  spark-gap  in  kerosene,  extended 
by  two  straight  Al  wires  atid  connected  through  water  resistances  to  the 
secondary  of  a  small  induction  coil.  The  water  resistances  served  to  damp 
any  oscillations  from  the  coil  which  might  have  produced  disturbances. 
The  spark  fluctuations  were  so  small  that  observations  made  at  intervals  of 
80  minutes  agreed  almost  exactly.  The  receiver  consisted  of  a  silicon 
detector  in  series  with  a  1-mf  d.  condenser  and  a  wire  loop  which  could  be 
set  in  various  planes.  A  sensitive  galvanometer  was-^hunted  across  the  con- 
denser terminals,  and  an  Al  rod  acting  as  a  resonator  was  supported  parallel 
and  near  to  the  outer  wire  of  the  wire  loop.  The  wave-length  was  100  cm. 
Between  the  receiver  and  the  oscillator  was  a  large  screen  of  wire-netting 
which  completely  divided  the  room  into  two  parts.  This  screen  was  pierced 
by  a  circular  hole  126  cm.  in  diam.  which  was  covered  by  a  rotatable  screen 
consisting  of  parallel  wires  8  cm.  apart    Experiments  were  made  with  the 
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receiver  in  vertical  and  horizontal  planes  and  with  the  intervening  wires 
making  angles  with  the  vertical  of  (f  to  860°.  It  is  shown  that  certain 
irregularities  which  had  been  observed  by  Merritt  are  to  be  attributed  to 
diffraction.  Austin  had  previously  shown  that  for  alternating  currents  of 
ordinary  frequencies  and  for  oscillations  of  a  frequency  of  140,000  the 
rectified  currents  are  approximately  proportional  to  the  square  of  the  alter- 
nating currents.  The  results  obtained  by  the  authors  confirm  this  law  for  a 
frequency  of  about  8  x  10*.  I.  W. 

ELECTRICAL  PROPERTIES  AND  INSTRUMENTS. 

1388.  Electrical  Resistivity  of  Bismuth.  A.  Werner.  (Phys.  Zeits.  17. 
pp.  846-849,  Aug.  1, 1916.  From  the  Physikal.-Techn.  Reichsanstalt.)--The 
investigations  of  Cohen  and  Moesveld  have  shown  that  bismuth  exists  in 
two  allotropic  forms,  a-Bi  and  /3-Bi,  the  transition-point  at  atmospheric 
pressure  being  76°  C.  At  the  Reichsanstalt  11  samples  of  Hi  of  known 
var3dng  degrees  of  purity  have  been  prepared  by  different  methods,  and 
their  resistivities  determined  by  the  ordinary  compensated  fall  of  potential 
method  at  a  temperature  of  22^  C.  The  commercially  pure  samples  con- 
tained Ag,  Pb,  Cu,  Zn,  and  Ni,  while  the  electrolytically  purified  samples 
contained  Pt  and  Ag.  Those  samples  were  specially  purified  to  a  very  high 
degree.  The  samples  were  drawn  into  wire  in  a  heated  hydraulic  press 
from  which  air  was  excluded.  Wires  about  1  mm.  diam.  and  17  cm.  long 
were  drawn  at  three  accurately  measured  temperatures,  155%  195°,  and  280°  C. 
The  results  obtained  confirm  Lenard's  earlier  observations,  and  show  that 
the  temperature  at  which  the  wire  was  drawn  affects  the  results.    Differences 

>^  of  1  %  or  2  %  were  observed  for  the  very  pure  specimens,  while  in  the  case 
of  some  of  the  others  the  differences  varied  from  6  %  to  12  %.  For  all  the 
samples  the  smallest  value  of  the  resistivity  was  observed  for  wires  drawn 
at  195°  C.  The  three  specially  purified  samples  had  resistivities  1*19, 1*20,  and 
1-20  when  drawn  at  195°  C.  One  of  them  had  resistivities  of  1*21, 1*19,  and  1*20 
corresponding  to  the  three  temperatures  of  drawing,  165°,  196®,  and  280°  C. ; 
the  second  had  the  values — ,  1*20,  — ;  and  the  third  the  values  1*22, 
1*20, 1*20.  One  of  the  impure  samples  had  the  three  values  8*80,  8"09,  and 
8*82.  The  temperature  coefficient  of  resistivity  for  the  very  pure  samples 
over  the  range  18°  to  25°  was  -h  0*0040.  The  author's  samples  were  purified 
chemically,  and  he  considers  that  it  is  easier  to  purify  Bi  in  this  way  than  by 
the  electrolytic  method.  I.  W. 

1389.  Resistivity  of  Molten  Metals.  £.  F.  Northrup  and  R.  G.  Sher- 
wood. (Frank.  Inst.,  J.  182.  pp.  477-509,  Oct.,  1916.)— Describes  a  piece  of 
apparatus,  termed  a  resistometer,  for  the  determination  of  the  resistivity  of 
molten  metals.  The  first  type  (shown  in  the  Fig.)  consists  of  an  alundum 
crucible,  E,  into  the  top  of  which  fit  two  blocks  of  Alberene  stone,  A,B, 
each  holding  a  pair  of  quartz  or  porcelain  tubes,  MM',  NN'.  Within  these 
tubes  are  tungsten  wires  of  about  1  mm.  diam.,  one  pair  of  which,  OO',  act  as 
current  leads,  while  the  other  pair,  PP',  act  as  potential  leads.  The  crucible 
E  is  placed  in  a  container,  F,  made  of  Acheson  graphite  (to  obtain  a  reducing 
atmosphere  in  the  furnace)  and  is  filled  with  the  metal  to  be  tested  to  a 
depth  sufficient  to  reach  a  little  above  the  lower  ends  of  the  current  leads. 
The  heater  unit  consists  of  an  alundum  tube,  D,  wound  with  nichrome  wire 
or  ribbon.  A  second  type  of  instrument,  more  convenient  for  some  kinds  of 
work,  is  also  described.    One  advantage  of  this  second  type  is  its  compact- 
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ness  and  the  fact  that  if  filled  with  some  metal  {e,g.  tin)  it  can  be  used  as  a 
pyrometer  (in  this  case  up  to  1600°  or  1700°  C,  since  the  resistance  of  tin 
increases  linearly  from  its  melting-point  up  to  at  least  1680°  C).  The  large 
e.m.f.'s  of  a  parasitic  character  which  are  developed  in  the  resistometer  when 
this  is  immersed  in  a  molten  metal  preclude  the  use  of  direct  current  for 
measuring  purposes.  Alternating  current  of  60  and  25  cycles  is  therefore 
used,  and  the  specially  sensitive  type  of  a.c.  galvanometer  employed  is  de- 
scribed in  the  paper.     The  resistometer  is  calibrated  in  mercury  of  accurately 


measured  temperatures.  When  used  as  a  pyrometer  it  is  necessary  to  take 
a  cooling-resistance  curve.  The  point  at  which  the  resistance  remains  con- 
stant  for  a  considerable  period  is  the  known  freezing  temperature  of  the 
pyrometric  metal  (e.g.  tin)  and  the  resistance  at  this  point  is  the  resistance  of 
the  pyrometer  at  that  known  temperature. 

The  paper  concludes  with  an  account  of  some  experiments  with  th^ 
resistometer  on  the  resistivity  of  Pb,  Bi,  Sn,  Bi  -f  Pb  alloys,  and  several 
Bi  +  Sn  alloys.  All  these  metals  and  .alloys  showed  a  linear  resistivity- 
temperature,  relation  in  the  molten  state.  J.  W.  T,  W 

1390.  Resistance  of  Various  Sodium  Amalgams,  R.  C.  Rodgers.  (Phys. 
Rev,  8.  pp.  269-277,  Sept.,  1916.)— The  change  of  resistance  of  several 
sodium  amalgams  was  ascertained  with  change  of  temperature  from  —  185° 
to  150°  C,  and  the  depression  of  the  freezing-point  of  mercury  in  amalgams 
of  small  atomic  percentage  waif  studied  by  the  method  of  the  sudden  change 
of  resistance  of  the  amalgam  due  to  the  change  to  the  solid  state.  A.  D. 
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1391.  Resistanu  and  Reactance  of  Massed  Rectangular  Conductors.  A. 
Press.  (Phys.  Rev.  8.  pp.  417-422,  Oct.,  1910.)— The  solution  of  the  skin- 
effect  of  rectangular  conductors  given  by  H.  W.  Edwards  [see  Abs.  1662 
(1911)]  is  applicable  only  to  small  conductors.  The  solution  given  in  this 
paper  applies  to  both  small  and  large  conductors.  The  only  important 
assumption  made  is  that  the  current  in  the  skin  of  the  conductor  has 
a  rec^ngular  path  conforming  to  the  contour  of  the  conductor.  Considering 
the  complexity  of  the  problem,  the  mathematical  solution  obtained  is  com- 
paratively simple.  The  author  proves  that  J.  J.  Thomson's  results  for  an 
infinite  plate  is  a  particular  case  of  his  solution.  A.  R. 

1392.  A  New  High-tension  Battery.  H.  Greinacher.  (Phys.  Zeits.  17. 
pp.  848^46,  Aug.  1,  1916.) — ^The  author  describes  a  continuation  of  his 
work  on  the  rectification  of  alternating  currents  by  means  of  Graetz  valves 
[Abs.  594  (1915)J .  The  individual  valves  consisted  of  cylinders  about  5  cm. 
high,  fitted  with  Fe  and  Al  electrodes  and  containing  NaHCOs  solution  as 
electrolyte.  The  latter  was  covered  with  paraffin  oil  and  the  battery  of 
valves  was  insulated  by  means  of  paraffin  wax.  In  the  original  form  the  a.c. 
supply  was  drawn  from  a  100-volt  lighting  circuit ;  now  it  is  taken  from  the 
secondary  of  a  transformer.  At  6000  volts  the  current  was  0*005  amp.  The 
constancy  of  the  d.c.  voltage  generated  is  affected  by  the  pressure  variations 
of  the  supply  circuit  and  also  by  an  admixture  of  1  per  1000  of  alternating 
potential.  The  battery  requires  a  little  time  to  attain  the  steady  state,  and 
the  voltage  cannot  be  subdivided.  It  is,  however,  cheaper  to  construct  and 
maintain  than  the  ordinary  accumulator  form.  I.  W. 

ALTERNATING  CURRENTS  AND   INSTRUMENTS. 

1393.  Wehnelt  Kathode-ray  Tube  Magnetometer,  C.  T.  Knipp  and  L.  A. 
Welo.  (Phil.  Mag.  82.  pp.  881-891  Oct.,  1916.)— The  authors  have  recently 
described  a  method  for  determining  the  horizontal  component  of  the  earth's 
magnetic  field  depending  on  the  measurement  of  the  magnetic  and  electro- 
static deflections  of  a  beam  of  kathode  rays  [Abs.  1571  (1916)].  In  the 
present  paper,  by  measuring  the  deflection  of  the  beam  j(l)  under  the  action 
of  "  H  "  alone,  (2)  under  the  action  of  H  combined  with  a  known  magnetic 
field,  the  value  of  the  ratio  of  the  charge  to  the  mass  of  the  electron,  which 
was  necessary  in  the  previous  investigation,  is  eliminated.  The  discharge 
tube  was  a  vertical  cylinder  with  the  kathode  at  the  bottom.  •  The  kathode 
was  adjustable  so  that  the  beam  travelled  up  the  axis  of  the  tube  and  impinged 
on  a  photographic  plate  at  the  top.  The  applied  magnetic  field  was  obtained 
by  passing  a  known  current  round  a  vertical  coil  of  about  40  cm.  radius 
wound  with  six  turns  of  wire.  The  vertical  diam.  of  this  coil  was  coincident 
with  the  axis  of  the  discharge  tube.  It  was  found  sufficiently  accurate  to 
take  the  distribution  of  the  field  perpendicular  to  this  diam.,  as  that  obtain- 
ing along  the  path  of  the  beam.  To  set  the  plane  of  the  coil  perpendicular 
to  the  magnetic  meridian  a  test  plate  was  taken  with  the  coil  in  a  chosen 
position.  The  angle  through  which  the  coil  must  be  rotated  to  bring  its 
plane  perpendicular  to  the  meridian  was  then  measure<}  on  the  photographic 
plate.  The  results  of  seven  determinations  are  given  in  the  paper,  the  mean 
value  of  H  being  0*1588  c.g.s.  unit.  The  relative  probal)le  error  of  the 
deviations  of  the  several  determinations  fri^pi  the  mean  is  ±0*00046. 

L.  L, 
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1394.  Hardening  and  Tempering  of  Euiectoid  Steel,  H.  M.  Havre  and 
A.  G.  Levy.  (Mech.  Eng.  88.  pp.  281-282,  Sept  22,  1916.  Abstract  of 
paper  read  before  the  Am.  Soc.  for  Testing  Materials.)— The  results  of  the 
study  of  the  Shore  hardnesses  and  changes  of  volume  occurring  in  a 
eutectoid  steel  after  quenching  from  a  descending  series  of  temperatures 
show  that  as  the  temperature  of  quenching  approaches  Arl,  a  gradual 
decrease  occurs  in  the  volume  with  very  little  change  in  the  hardness. 
As  the  quenching  temperature  is  lowered-  from  immediately  above  to 
immediately  below  Arl,  a  sudden  decrease  in  volume  occurs,  and  is  accom- 
panied by  a  sudden  loss  of  hardness.  Further  lowering  of  the  temperature 
does  not  afiFect  the  volume,  showing  that  the  change  completes  itself  when 
the  temperature  passes  Arl.  The  hardness,  however,  continues  to  decrease, 
on  account  of  the  coalescence  of  the  cementite  and  the  ferrite.  ^ 

F.C.A.  H.  L. 

1395.  Effect  of  Sulphur  on  Low-Carbon  Steel.  C.  R.  Hay  ward.  (Am.  Inst 
Mining  Eng.,  Bull.  No.  118.  pp.  1841-1850,  Oct.,  1916.)— Gives  the  results  of 
mechanical  tests  on  steels  containing  004, 0*085,  and  0*15  %  sulphur,  the  other 
elements  except  Mn  being  approximately  the  same  in  each  steel.  In  the  case 
of  Mn,  the  amount  in  excess  of  that  necessary  to  form  MnS  was  approximately 
the  same.  The  bars  were  tested  after  heating  to  880°  C.  and  quenching  in 
ice  water  ;  cooling  in  still  air  ;  cooling  in  the  furnace  ;  and  also  after  quench- 
ing from  880°  and  reheating  to  800°,  400°,  600°,  and  600°  C,  thus  giving  results 
after  seven  different  thermal  treatments." 

The  results  of  the  tensile  tests  indicate  that  sulphur  does  not  lower  the 
tensile  strength  and  the  results  for  elongation  and  reduction  of  area  show  that 
there  is  little  difference  in  ductility  between  the  low-  and  medium-sulphur 
steels  but  the  ductility  of  the  high-sulphur  steel  is  slightly  lower  than  the 
other  two  after  most  of  the  treatments. 

The  average  figures  for  shock  tests,  carried  out  on  a,  Cl^rpy  machine, 
except  for  the  air-cooled  and  furnace-cooled  specimens,  are  highest  for  each 
treatment  in  the  case  of  the  low-sulphur  steels  and  lowest  for  each  treatment 
for  the  high-sulphur  steels.  The  widest  difference  appears  in  the  steels  which 
have  been  quenched  and  reheated.  C.  O.  B. 

1396.  Thermoelectric  Measurement  of  the  Critical  Points  of  Iron.  G.  K. 
Burgess  and  H.  Scott.  (Comptes  Rendus,  168.  pp.  80-82,  July  10,  1916^ 
Also  Engineering,  102.  pp.  891-692,  Oct.  20,  1916.  Paper  read  before  the 
Iron  and  Steel  Inst.) — A  0'5-mni.  wire  of  pure  iron  was  welded  at  its  two  ends 
to  the  junctions  of  two  le  Chatelier  thermo-couples  and  heated  in  an  electric 
resistarice  furnace.  Measurements  of  the  temperatures  at  both  ends  of  the 
iron  wire  were  made  and  the  Pt-wires  were  attached  to  a  sensitive  galvano- 
meter which  gave  an  indication  of  the  e.m.f.'s  of  the  Fe-Pt  couple  for  the 
differences  of  temperature  between  the  two  ends  of  the  iron  wire.  The 
results  are  finally  plotted  in  the  form  of  curves  showing  the  true  thermo- 
electric power  of  the  Fe-Pt  couple  for  small  differences  of  temperature  as  a 
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function  of  the  temperature.    A8  is  shown  as  a  sharply  defined  discontinuity, 

while  A2  is  shown  as  an  inflection  in  the  curve  at  768**  C.    It  b  also  evident  '^* 

that  the  two  transformations  are  of  a  different  character,  since  A2  occurs  at 

the  same  temperature  both  on  heating  and  cooling,  while  A8  occurs  at  a  lower 

temperature  on  cooling  than  on  heating.  F.  C.  A.  H.  L. 

1897.  Electrical  Phenomena  at  the  Surface  of  Separation  between  Aqueous  , 
Solutions  and  Insulators.  G.  Borelius.  (Ann.  d.  Physik,  50.  4.  pp.  447-472, 
July  18, 1916.) — ^The  first  part  of  the  paper  deals  with  the  phenomena  and  the 
research  methods  employed.  These  phenomena,  electrical  and  otherwise, 
which  take  place  at  the  separating  surfaces  of  aqueous  solutions  and  di£Ferent 
substancesare  in  general  traced  to  one  or  more  of  three  causes,  namely  :  (1) 
The  substance  may  pass  as  molecules  or  ions  into  the  solution  ;  (2)  the  sub- 
stance may  itself  be  a'  solvent  so  that  the  dissolved  electrolytes  or  its  ions 
distribute  themselves  between  the  water  and  the  substance ;  (8)  the  dissolved 
electrolytes  or  its  ions  may  be  adsorbed  at  the  surface  of  separation.  The 
author  has  investigated  such  cases  where  aqueous  solutions  are  in  contact 
with  good  insulating  solids  or  liquids  which  are  unattacked  as  far  as  possible, 
and  where  the  third  possibility  is  chiefly  to  be  expected  as  a  consequence. 
The  question  is  investigated  as  to  how  far  the  surface  phenomena  may  be 
traced  to  adsorption  alone.  To  acquire  knowledge  of  the  structure  of 
the  surf  a  e  i^yer,  a  study  has  been  made  of  the  difiFerent  phenomena 
which  tai  place  there,  and  their  dependence  on  the  nature  and  concen- 
tration of  the  electrolyte.  The  methods  which  have  been  employed 
are : — Direct  measurement  of  the  surface  potential  by  means  of  bad 
conductors.  Measurements  of  electro-kinetic  or  electro*osmotic  effects. 
Estimation  of  electrification  by  contact  action.  Precipitation  of  suspended 
particles  by  electrolytes.  Measurement  of  the  surface  tensions  at  the  sepa- 
ration layer.  Absorption  measurements.  The  author  hopes  to  establish 
the  Helmholtz  theory  that  aU  these  effects  are  to  be  traced  to .  the  change 
of  potential  between  the  adhering  layers  of  the  moving  solution  and  the 
boundary  surface.    In  the  last  few  years  a  series  of  researches  on  solutions  I 

in  contact  with  insulators  have  been  carried  out  by  different  methods,  and  * 

these  are  especially  comprehensive  with  respect  to  glass,  quartz,  and  paraffin. 
Since  glass  and  quartz  are  not  typical  insulators  for  the  special  purpose  in  } 

hand,  the  author  has  made  his  investigations  with  paraffin,  this  being  specially 
suitable  in  view  of  the  series  of  homologous  paraffins  with  different  melting- 
points,  so  mat  measurements  can  be  taken  both  with  solid  and  liquid 
substances.  The  author  describes  at  some  length  his  direct  potential 
measurements  at  the  boundary  surface  between  paraffin  and  a  large  number 
of  aqueous  solutions.  Numerous  tables  are  given.  He  next  deals  with 
regularities  in  the  boundary  potentials  between  univalent  electrolytes  and  « 

paraffin,  afterwards  stud3ring  the  influence  of  the  valency  of  the  kathions  by  a  y 

comparison  of  the  direct  and  cataphoresis  measurements  of  the  boundary  ^ 

potential.  The  electrical  contact  phenomena  due  to  the  electrification  of 
insulators  by  contact  with  different  electrolytes  are  next  dealt  with.  Follow- 
ing this  comes  a  discussion  of  the  nature  of  the  boundary  potential  and  the 
dimensions  of  the  separation  layer.  The  interpretation  of  the  empirical 
regularities  at  higher  concentrations  then  receives  attention.  The  author 
concludes  that  the  boundary  potential,  such  as  occurs  at  the  higher  concen- 
trations, is  to  be  regarded  as  a  diffusion  potential.  H.  H.  Ho. 
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